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Sine-Cosine Mechanism 
TYPICAL 
APPLICATIONS 


Provides for instantan- 
eous solution of prob- 
lems involving the sine 
or cosine of an angular 
variable. Angular rota 
tion is converted into a 
displacement propor- 
tional to sine or cosine 
of the input. 


Tye 
ape ICAL SPE CIFICAT 
LICATIONS 7“ 


A Precision integrating 
mechanism for totaliz- 
INg, rate determination 
and differentia} analyz- 
Ing. Can also be used 
48 a closed loop servo. 
element Or accurate 
Variable Speed drive 


Holtliow Shaft Ditterential 


Ltn oe Inertia: — approx. .074 oz. in.’ 


APPLICATIONS erage 
Applicable to angular Max. a ie 
sums, angular velocity 
sums or sequence oper- 3 point contact 
ations. May be installed with spider gears. 
or removed without dis AS ball ee 
assembly of unit or dif oe fag er es 

»reritial. High accuracy. Size 
a 1% 07. 


LINKAGES, Ct STOM 
GEARS, LIMIT STops If you have a problem concerning complet: 
COUPLINGS AND CAMs comPuter/controt systems—contact Lil 
precisely and Promptly 
made to customers order and 


Specific requireme nts 


IBRASCOPE 


LIBRASCOPE, INC.+ B08 WESTERN AVENUE. GLENDALE 


* CALIFORNIA 





Seveeee” 
- ooetere 
petteces 








Which of theseis 
best for 


if you deal in dynamic systems, one of these Goodyear 
Electronic Differential Analyzers will increase the out- 
put and efficiency of your work and save you precious 
engineering man-hours. For with the spectacular new 
GEDA A-14 Series supplementing the famed linear and 
nonlinear L-3 and N-3, GEDA now offers the most 
complete, most advanced and flexible line of analog 
computing equipment ever available. 

The new GEDA A-14 Series Console, primarily 
designed for the mathematical anaylsis of highly 
complex systems, also permits the solution of direct 
simulation problems. And, with the new split problem 
board, the A-14 will handle two separate problems 
simultaneously. 
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The way to give every hunch a chance 
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The famed GEDA L-3 linear computer, designed for 
the solution of direct simulation problems, will resolve 
differential equations up to the 12th order having as 
many as 10 initial conditions. The addition of the N-3 
nonlinear computer permits individual selection of 10 
or more accessory computing units to fulfill the most 
exacting requirements of the user. 


GEDA analog computing accessories, the most complete 
selection available, include electronic multipliers, 
servo-multipliers, function generators, multi-channel 
recorders, potentiometer and summing units, plus the 
new noise generator and other high precision units for 


the resolution of even the most specialized systems. 


No matter what your design or process control problems 
may entail, you will find in the GEDA line the right 
combination of the most accurate and dependable 
analog computing equipment ever made available to 
industry. We would welcome the opportunity to discuss 
the details of a GEDA installation—large 
custom-designed for you. Write: Goodyear Aircraft 
Corporation, Dept. 931GQ, Akron 15, Ohio. 


or small— 


EAR AIRCRAFT 


GEDA —T.M. Goodyeer Aircraft Corporsetion, Akron 16, Ohie 





EW TAYLOR 
POTENTIOMETER 
TRANSMITTER 


“most practical instrument 


of its kind!” 


PAYLOR’'S years of experience and 

knowledge of the requirements of 

| ¢| the processing industries are re 

a flected in this ingenious electronic 

w+? pneumatic instrument. The TRAN 

SET* Potentiometer Transmitter 

can be used with a wide variety of 

electrical primary elements. It is 

especially adaptable where conditions require pneumatic con- 

trollers and receivers and where conventional measuring cir 
cuits have not proved adequate. Check these features: 


1. Automatically, Continuously Standardized with complete 
electronic balance, permitting optimum response adjustments 
No slide wires or motor drive. 

2. High Input Impedance. No need to match resistance of 
leads. 

3. Output Impedance is practically infinite. Its 0-5 milliamp 
signal can perform multiple auxiliary functions without affect 
ing accuracy of pneumatic signal. 

4. Normal Load is automatically inserted when amplifier is 
removed for service 

5. Modern Printed Circuits insure uniform performance. Test 
terminals provided to simplify trouble shooting. 

6. Test Jack on front panel permits easy monitoring of output 
current. Convenient pin jacks provided for checking standard- 
ization voltage. 

7. Purged Cast-aluminum Case is moisture and corrosion proof 


*Keg. U.S, Pat. Of 


Plugging in the Input Circuit Board, It can be quickly adapted 
for use with different primary elements by simply plugging in 
the corresponding input circuit; e.g., for thermocouple appli- 
cations cold junction compensation is provided in the plug-in 
circuit board. One instrument can therefore be used as a spare 
wherever a transmitting potentiometer is used. 
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Plugging in the Transducer. This exclusive plug-in feature 
applies to both the transducer and the amplifier. Means quick, 
easy removal for service; minimum instrument down-time; 
checking can be done in the shop where full facilities are avail 
able. Also permits separate calibration. 


Plugging in the Amplifier. See how easily units are locked into 
the chassis. Also note screwdriver adjustment of range span 
and zero suppression by use of unique potential dividers, Ex 
clusive Taylor vernier adjustment permits resolution of | part 
in 100,000. Transducer can be omitted when only logging and 
scanning or other auxiliary electrical functions are required 


Write for Bulletin Noe. 98262. Taylor Instrument Companies, 
Rochester, N. Y., and Toronto, Canada 


aylor Lnslruments : 
MEAN ACCURACY FIRST 
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THE QUESTION 


What will 


ree 


happen ? 


ANSWER |S 


\d3+ MRA 


To obtain missile break-up 
data, the combination 

of Model A53 high current 
output accelerometers 
and a Model MR-1 
recorder has proven to 

be a successful system 


STATHAM Model A53 
accelerometers produce 

a signal of +04 
millilampere into a 40 ohm 
load. They are small in 
size and light in weight 


Please request 
Statham Bulletin 
No. A53. 


The Model MR-1 is a 
miniature airborne magnetic 
tape recorder manufactured 
by North American 
instruments, inc., 

2420 N. Lake Ave., 
Altadena, California, and 

is described in their 
Bulletin 104 


The formula “A53 + MR-1" 
demonstrates the ability 

of Statham Laboratories to 
cooperate with recorder 
manufacturers in a joint 
effort to serve the 
engineering field. 


Mattam 


SHOPTALK 


BETTER BLOCKS IN OUR SYSTEM DIAGRAM 


Our masthead boasts two changes this month. Byron 
Ledgerwood is now our Senior Associate Editor, and Harr 
Karp moves up to the Associate status. Ifa magazine opel 
ates like a control system, and editors like blocks in its 
diagram, then By could well fill the function of Power 
Source and Comparator. His vitality and fine ability to 
sclect and organize material has formed the backbone of 
our contents right from the start. Harry, who joined us a 
year ago, has been acting more and more like a Senser and 
Actuator in our diagram: he has displayed a powerful talent 
for searching out information and moving it into print 
The changes will mean more time in the field for Har 
more time to concentrate on the programming and p 
formance of our magazine for By 


GROUCHO ENCOUNTERS GRABBE 


While in Chicago our editors (see below) made a point 
of gathering in front of a ‘T'V set at 7 p.m. to witness the 
Groucho Marx show rumors that our West 
Coast consulting editor, Dr. Gene Grabbe, would be on 
the screen. ‘The rumors were true 
and there stood Gene 


‘he reason 


There stood Groucho 
and there, soon, lay the word 
“automation” all Marxed up. But Gene did his field credit 

He not only gave Groucho and 20 million viewers a cleat 
picture of automatic control, but came off—with an attrac 

tive female partner—a winner of the $2,000 jackpot 


ANALYSIS AT THE SOURCE 


On March 15 the editorial staff packed its kits and took 
off for two days of round-the-table sessions with outstand 
ing control organizations in the Chicago area. ‘lhe picture, 
taken in the Standard Oil of 
Indiana research building, shows part of the group that 
heard W. V. Cropper on the problems of developing instru 
Ihis kind ol 
briefing—direct from the men who do the work—has mac 


the conference room of 


ments for analyzing products on the line 


our reporting more realistic, and—we hope—useful 


The listeners, 1 to 1 G 
Eckel, W. Garev, G. Browt 
B. Ledgerwood ill Cre; ¢ 
Kenyon, S. Shields, |. Rhode 

all Stanolin; Editor Bil 
Vannah 
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ALL SANBORN 
150 SERIES 
OSCILLOGRAPHIC 
RECORDERS 
PROVIDE THESE 


SPECIFIC ADVANTAGES 


Tue three foremost operating 
advantages of a Sanborn “150” 
are evident in the 

record, and are given at 

the right. Equally popular 
with industrial users 

is the wide versatility of 

these systems. Each one 
comprises a basic assembly 
to which the user adds 

his choice of an 
interchangeable, plug-in type 
preamplifier for each channel. 
Presently available 

different preamplifiers now 


number eleve n. 


Preamplifier (A) 
shown in position 

to plug into o 

Driver Amplifier 

with Power Supply (B) 
which are normally 
Glready in place in the 


Basic Cabinet Assembly 


re 


ae is a Sanborn feature that is especially valuable 


in multi-channel recording. The user of a 
2-, 4-, 6- or 8-channel ‘150’ system 

can record interrelated event 
simultaneously on one strip of record 
paper, and then correlate them 

against time quickly and accurately, 
even during the recording 


The nichrome ribbon tip ‘'150” heated 


stylus removes the white opaque surface 
of Sanborn recording paper (Permapaper) 
permitting the black undercoating to 
how. Tracings are permanent 


will not fade or smudge 


resulting from current feedback design 

of Driver Amplifiers and new shorted coil 
frame, high torque (200,000 dyne cm 
galvanometers. Maximum error over middle 
4 cm. of chart: 0.25 mm over entire 


5 em, chart width: 0.5 mm 


Sanbern ‘150° 
Series available in 
1-, 2-, 4-, 6- and 
8- Channel Systems 


INDUSTRIAL DIVISION 


SANBORN COMPANY 


195 MASSACHUSETTS AVENUE, CAMBRIDGE 39, MASS 


A new "150" Catalog provides 
complete descriptive data, 
specifications and prices on all 150 
Systems, Accessories and Cabinets. 
A copy will be sent on request 





... about Design Testing f 
of Complete Systems | 
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Ase a design, analysis, and test center 
the Servomation® Building Blocks offer 
the design engineer e uipment that fea 
tures exceptional flexibility and ease of 
operation, Servo control systems can be 
quickly mocked-up and tested, with the 
wide variety of standard servo compo 
nents, external patch cord and jackboard 
connections, and the versatile Servoboard © 
amd Servoscope® components of the 
Hsuilding Blocks Closed loop character 
istics can be predicted and pre-production 
‘bugs"’ eliminated. The Building Blocks 
also allow you to change design para 
meters in the mechanical part of the sys 
tem simply by rearranging or substituting 
components 

In addition to its function as a design 
and test lab, the Servomation® Building 
Blocks can also perform as an automatic 
production control system, data process 
ing center, and electro-mechanical com 
puter 

The Servomation® Building Blocks, as 
a design and teat lab, have wide applica 
tion in the development and synthesis of 
control systems of drone aircraft, control 
and guidance systems of guided missiles 
and automatic airspeed and altitude con 
trols. The Building Block computer com 
ponents are available as 60 or 400 cycle 
units, and specifically packaged so that 
individual units can be installed as part 
of an airborne control system for pre 
liminary flight tests before the final design 
is frozen 

For the full story on the Servomation 
Building Blocks, please fill in your name 
and title in the section below. Attach it 
to your company letterhead and mail it 


Chief Control 
Systems Engineer 


Electro-mechanical 
Control Systems and 
Components for Industry by 


1 =a a fe) 


ote] ise]. 7 wale). | 


Tom Westover, Dept. WB-1 
Servo Corporation of America 
] 20-20 Jericho Tpke., New Hyde Park, L.1.. N.Y 


Please send me more information on 
Servomation* Buliding Blocks 


Name 
3 Title i 
ee | ed 
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FEEDBACK 


THE PROBLEM FORUM 


this month features two responses to the chal- 
lenge presented in March. The respondents will receive 
handsome engravings of Honest Abe. We offer similar 
works of art, or their equivalent, to contributors of other 
stimulating problems and ingenious solutions. With the 
ice breaking up in the lakes, control engineers need a 
few new fishing flies, or, perhaps, fuel for their out- 
boards. Our pocket-sized portraits, signed by the Sec- 
retary of the Treasury, will come in handy for negotia- 
tions on that first fishing trip of the season. Join the 


forum 


Prosiem Dices' 


In a cigarette machine the tran 
portation lag, T,, L/S Da, tie 
time constant of the variable speed 
drive motor, I’,, the time constant 
of the nuclear gage that measures the 
basis weight of the completed cigarette 
rod, De ign a feedback circuit for the 
control amplifier that precedes th 


variable-speed motor control 


Nuc /@or g 79@; 


time constant VP 


and good fishing. 


SOLUTIONS 


I'wo reader R I Viurphy (,roton 
Conn., and A. Lange, Wayland, Ma 
olutions. Both apply di 


ubmitted 
turbance-respons¢ feedback im such a 
way that the process machinery itself 
idju ts a “plant model” 
proc Murphy’ 


printed in light face and 


automatically 
of the 
material is 
Lange’s in bold fac 


d\ Thali 
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nn 
disturb 
ly has a 
integral-plus-propot 
toring rhe correcting 
if Ol ra length of time equal 
‘ ha 


transportation 


This scheme utilizes the cause of 
the machine’s transport lag to elimi- 
nate the transport lag. ‘The machine 
creates its own correction signal, al- 
ways synchronized with the fault that 
requires correction. 


hh magncti naterial 
the edge of th elt 1 mila 
nesota Mining & Manufactun 
type RD 110 Spray ible 
idl 1); 1On Since 
l magnetic 
nection of 
i feature 
nformation 
insensiti 
imilar 
noncontacting. On 


nethod 
ng the information 
ntacto 


Ihe system is essentially a speed 
regulating device, whereas the true 
regulated variable is weight, or more 
exactly, weight per unit length, There 
fore, the weight per unit | ngth might 


be more directly regulated by manipu- 
lating the flow of material from the 


hopper, or by manipulating the mech 
anism which packs the tobacco 


More units, more money 


7) Eo) —) = PRECISION 


( 


‘WE, TF ‘ 
pack a GIANT PUNCH! 


motors 


GLOBE INDUSTRIES, INC. 
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AMPHENOL 


AMPHENOL provides custom engineering 


(AM PHENOL) 


FEEDBACK 


tics in the article “Comparing Large 
Scale Calculator by M Carr 
ind Perlis in your Februar 1 indi 
ites that the IBM 702 i nited te 
ten tape unit My understanding is 
that this computer can be equipped 
with up to 100 such unit 

Thomas E. McDonnell Jr. 

Ford Motor Co.., 

Dearborn, Mich 


. author says. 


lo tHe Eprror 
Ihe latest information on that ma 
chine is that it can be equipped with 
many more units than ten, although 
the basic computers, as listed with the 
monthly rental in my chart, had only 
ten units included in the cost 
Further, tape units beyond ten 1 
quire the additional rental of match 
ing apparatus. The chart was in error 
in that it did not list the 100 as top 
But I think that it gave a reasonabl 
picture, considering the lack of space 
for a detailed price analysi 
John W. Carr II 
University of Michigan 


Ann Arbor, Mich 


Less than greater 


lo tHe Eprror 
] have read Mr. K hie nb irgcr § Cx 
cellent article on nonlinearity in con 
trol systems in the March issue of 
CONTROL ENGINEERING 
However, I have found the first 
paragraph on page YU confusing in 
that the second and third sentences of 
the paragraph appear to be in contra 
diction to the first sentence. This con 
tradiction arises due to the use of the 
word “stability” in these two sen 
tences. If this word is “instability”, 
the remainder of the discussion follow 
logically 
Jerome A Joseph 
Northrop Aircraft, Inc.., 
Hawthorne, Calif 


Professor Kochenburger’s original 
manuscript used “less than’’ symbols, 
those pfc’s hash marks turned to lee- 
ward. We, in lubberly fashion, put 
them in facing windward. This creates 
the confusion—“stability” becomes 
“instability.” Mr. Joseph is correct 
We support his inversion. Fd. 


Harvard-on-the-Charles 


Several readers have requested infor 
mation on Harvard University’s gradu 


ate program in control tems engi 
necring. We suggest that they write 
to the Dean of the Graduate School 


for a booklet about the program. Ed 




















400X enlargement shows high precision 
gap and track construction 


B R [ S | | announces... 


NEW PRECISION 
MAGNETIC HEADS FOR 
CRITICAL RECORDING 
APPLICATIONS 


Brush now offers a new design concept in multi 
channel magnetic heads which provides extremely 
close tolerances to assure accuracy in recording and 
reproduction. These heads have already been proven 


in exacting airborne and missile applications 


ADVANTAGES 


@ Unitorm output assured by close mechanical 

tolerances on track width and channel spacing 
002 in. maximum. 

@ Channel-to-channel timing accuracy provided 

by precise gap alignment... OOO! in. maximum. 


@ Crosstaik minimized by tull shielding 


@ Sustained accuracy under severe operating condi- 
tions assured by our new construction techniques. 


AVAILABILITY 


Brush offers these heads in three design providing 
7, 8, or 13 tracks per inch. Heads may be interlaced 
to provide up to 25 tracks per inch. Modifications or 
new designs using this construction technique may 
be made to your requirements. Consult Brush on 
your magnetic head need write Brush Electronic 

Company, Department N-5, 3405 Perkins Avenue, 
Cleveland 14, Ohio 





BRUSH ELECTRONICS COMPANY 


3405 Perkins Avenue 


Cleveland 14 


Onio 


CLEVITE 


CORPORATION 








tLECTROMICS 








AIRBORNE ELECTRONICS 
AND 
WEAPON CONTROL SYSTEMS 





At Ramo-Wooldridge today there exists a wide range 

of projects intended to aid aircraft in navigating to the 
vicinity of targets, finding the targets, destroying them, 
and returning safely to base. Work is under way in such 
fields as infrared and microwave detection, information 
display, communication and navigation, and analog and Simulators in computing center 
digital computing. Some projects are in the laboratory 


development stage, some in the flight test stage, some : 
in pilot production Positions are available for scientists and engineers 
’ in these fields of current activity: 


Communications Systems 


Good progress is being made in the establishment of 
facilities and operational patterns that are well tailored 
to the unique requirements of advanced electronic 
systems work, 


Digital Computers and Control Systems 
Airborne Electronic and Control Systems 
Electronic instrumentation and Test Equipment 
Guided Missile Research and Development 
Automation and Data Processing 

Basic Electronic and Aeronautical Research 


The Ramo-Wooldridge Corporation 


8730 ARBOR VITAE STREET Los ANGELES 45 CALIFORNIA 
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Vell u control 
and we'll do it with digits 
poken with a Yankee drawl and wry, craggy mile, 
are Don Frothingham’s credo. Are these the words 
of a boaster or a breezy generalizer? Hardly. Anyone 
knowing the man and his work recognizes the ey 
pression of a true New England pragmatist: one w ho 
constantly tests the truth of thought in action 
Don’s windmill-tilting outlook had a proper Bo 
tonian founding. Born at the turn of the centur 
of Back-Bay parents, he carned his SB in EE from 
Harvard University in 1922 
two quarter-year stints in industn Ihe tall 


what you want to measure o1 


Ihe sweeping words, 


This course required 
Spal 
young student spent one of them helping an ele 
up a New York skyscraper 


and the other eibow-deep in 


trical contractor wir 
it 466 Lexington Ave 
oily chips at General Electric’s machine-shop school 
loday, as Barn 
Binotrol Div., he reflects these apprenticeships in a 


unique ability to wed practical machine action with 


chief engineer of Engineering 


the esoteric antics of electrons 


Variety breeds the control engineer 


Vrothingham is a colorful example of how many 
ingredients combine to produce a creative control 
engineer. After college he went to work with an 
alytical and simulating techniques to sleuth the rea 
sons for “noise” and distortion in telegraph signal 
\ few years later he met a kindred spirit in D1 
George De Bothegat—one of the world’s foremost 
engineering mathematicians. De Bothegat had re 
ently formed the Bothegat Impeller Co. to com 
mercialize some of his advanced ideas in fan design 
which are still used today), and Don 
assistant 


pent thre 
rewarding years as his 
In 1928 an uncle died and the young engineer 
rolled down his sleeves and took over the vacant 
desk in the New York Stock Exchange firm of Dela 
field and Frothingham 
mathematics proved invaluable during the next fev 
desperate years on Wall Street. In 1931 the partner 
ship decided to close up and was one of the rare 
Don rolled 
up his sleeves again and took over as chief enginee: 
ing authority of the Westport-Fairfield 
the newly-building Merritt Parkway in Connecticut 
geometry and trigonometn 
ill over future Exurbia”. When the road was finally 
in, he joined IBM to develop some of its earl 
And just before 
the war he put in an enjoyable year developing a 


His steeping in earthbound 


ones to emerge “solid” from the panic 


section of 


lor four years he did 


tems for mechanized bookkeeping 


DONALD Mcl. FROTHINGHAM 
tests thought in action 








A CONTROL 
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Don, flanked by a Binotrol console, fondles a Mylar 


‘program almost anything 































tape, on which he'll 





<truded metal 





basic patent in the controlled flow of ¢ 
shell manufacture 





for an artillery 
Wartime saw 
neering for McGuire Industries in Gre 





Don Krothingham managing engi 





Cliwk h Conn 





Lis pioneci work in military elects there and in 





hi Ipe d form 
him toda \t 


the postwal lclemark Co., which 
et the Stage for the credo that 








lelemark he independe ntly reasoned out the binary 
technique for using pulses in control llow | wish 
your magazine had published its Digital Series then 





nd in ’52 took his prototype for the Binotrol system 
to Olympi Developme nt Co. in icarb St unford 
Last summer thi plit off from it 
Olympic Radio) and became Ba | 


mnounced the near-commercial 






company parent 





iwinecnneg 






it the same time it 





ersion of Frothingham limact development 










Ctk, September '55, p. . 

loday between ficld demonstrations of his bud 
ding concept Don relaxes a r on a 6 meter ra 
ing loop in Long Island Sound, o uzzes over that 
ame water in a small plane. He started out with 
gliders in 1928 “to rise above the stock market 





distrust of 
him appl for a 


ind not until 1950 did hi 
tinkpots PIVe wal 


inate i 





enough to let 





pilot’ license for power flight (seaplanes, naturally 

On thi Dari ( home the 
flying sailor becomes a woodt d hi-fi di ciple 
of Beethoven and Mozart—o inbles to a camp 
upstate for fishing and loca] 






be ich ill hi 












(shown full Ae without cover). Can be pane!-mounted 
on Consotrol Control Station, or field-mounted. 
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THE FOXBORO yo CONSOTROL 


The M/58 Controller's Revolutionary 
Floating Disc System 

Here’s the exclusive Foxboro design development that gives 
M/58 Control its unique versatility, precision, and stability. 
The floating disc and matched bellows assure uniformly high 
controller sensitivity and pin-point control action, even at 
widest settings of the proportional band. Lever-set propor- 
tional band adjustment is calibrated to 500%. 


Component Construction 

Gives Unrivaled Versatility 
Not only is the complete controller easily detachable as a 
unit, but also, each component is a “plug-in” unit. For 
example, reset plugs in at right as shown; derivative, 
similarly, at left. All 4 control actions, with 2 reset ranges, 
are available and easily adjustable to widest variations in 
operating conditions. Proportional action from 1 to 500% 
quickly set by lever. 








Outperforms 
~ all other 


controllers | 














athe controller with the FL OA} TING DISC 


If you think this claim is exaggerated, just put a 
Foxboro M/58 Consotrol* Controller on your process. 
The tougher the job, the more it will outperform other 
controllers! Or ask any present user... many of the 
largest, most progressive petroleum and chemical 
processors are using hundreds of these instruments. 
They will unhesitatingly confirm that this exclusive 
Foxoboro development has put their processes “on 
stream”, automatically and smoothly from the control 
room, without false starts or confusion. 

The M/S8 Controller can do the same for your 
process. The flexibility of its control functions makes 
*Reg. U.S. Pat. Off. 


' =~... 
hn ee 


it readily adaptable to all processing techniques. All 
four actions are available, with two ranges of reset 

. all are easily adjustable to the most widely vary- 
ing operating conditions. For example, reset and 
derivative functions plug in . . . proportional action 
from 1 to 500% can be quickly set by a lever. And 
calibration is a simple zero adjustment! 

Get full details on this simple, truly “universal” 
Controller. Write for Bulletin 13-19 and ask your 
Foxboro Sales Engineer for a demonstration. The 
Foxboro Company, 365 Norfolk St.. Foxboro, 
Mass., U.S.A. 


CONSOTROL INSTRUMENTS 








Kngmeers popped trom behind Starlight Koot portieres to hear Dr. Joseph Kaplan launch the special evening session on the Satellite, 


BIGGER, BOLDER, BROADER, MORE BEDAZZLING: 


IRE Holds a Seam-Bursting Convention 


Traditionally the Institute of Ra 
dio Engineers Annual Meeting is an 
clectronics techniques and products 
convention, But in the most recent 
one—the 44th run of the world’s big 
gest engineering get togcether—this basic 
flavor seemed almost completely cam 
ouflaged with avid concern for other 
disciplines and fields by this young 
and aggressive society 

l'ake the control field. How many 
control enginecrs were among the 
$5,000 who came to New York dur 
ing the week of March 19? ‘The num 
ber must have been sizable. Certainly 
at least a dozen of the 55 
were heavily biased toward control 
technology. And a significant share 
of the products crammed into 714 
booths at the Kingsbridge Armor 
and Palace was designed specifically 
for the automatic-control loop, Still 
more indicative: three cluttered “Po 
sitions Vacant’ boards in the Waldorf 
lobby were dominated by calls for 
with ‘“feedback-systems” 


SCSSLONS 


engineers 


backgrounds (i.c., control engineers 


“Borderline” Engineering 
The philosophy behind IRE’s broad 


coverage was probably best described 
by John T. Henderson in an address 
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at the annual banquet on “Borderline 
Engineers”. ‘The National Research 
Council of Canada scientist 
that the 
natural phenomena that recognize no 


noted 
radio engineer deals with 


boundary and suggested that “border 
line engineers’ —those laboring in an 
area where skill in an allied subject is 
as important as skill in engineering 
will be the ones to extend the scope 
of radio engineering 

IRE departure from straight circui 
try, components, and communica 
tions was especially marked in thes« 
“borderline” session 
Pa sixman pancl on the scope, 
launching, and instrumentation prob 
lems of Project Vanguard—the U. $ 
earth-satellite program 
PF two 
tation, including papers on reactor 


control and control of a boiling-water 


sessions on nuclear instrumen 


powe! plant 

P a session and panel on medical elec 
tronics, with the iccent on 
instru 


main 
biological and _ physiological 
mentation 

© three 


final d pane ] on cconoimic, ¢ duc ational 


meetings on computers, the 


ind social problems posed by use of 
computers 


Up in the Bronx the expanding 


technical interests of IRE were harder 
to spot in the 44 acres of product 
which ranged from small nameplate 
computer But 
ifter hours of trudging (we 
lated a full day’s walking would pe 
mit only 51 see in each booth) the 
wary, weary control engineer could 
tick off these “borderline” trend 

P mechanical design infiltration—th 
obvious need to convert cl 


to massive digital 


cak u 


tronic sig 
nals into motion for contro] tem ap 
plication has led to mor 
gear trains, and related 
hardware at this show 

© Indication and recording 
vices to present useful inf 


rvo motor 


positioning 


variable measurement 
formance were evident 
wert inalogous in Ope 
to industrial instrument 
P use and performanc 
computers; much |] 
cuitry and component 
problems-solving capabiliti 
plete systems and subsyst 
Aside from its broader 
was a new, more vibrant irketing 
climate this year The searching 
trol engineer found it 
tify items of interest: box 


emphasi on specific produ 





WHAT'S NEW 


A BUSY DAY WITH IRE 


An engineer with only one day to spend in 
New York really had to step along to properly 
sample the big convention. The pictures hint 
at the pace he had to set from dawn to dusk. 


1—A FREE BREAKFAST included a friendly briefing on the vir 
tues of working for the company providing the victuals, ‘This 
“Hospitality Room’ was near the main registration desk. 


2—INTO A SESSION for a quick exposure to the latest 
thoughts on Information Theory from the lips of its Prime 
Mover, Dr. Claude Shannon of Bell Telephone Labs. 


3—OUT INTO THE LOBBY for a furtive scanning of the jam-packed 
job-offer notices. ‘This year the salaries offered to experienced control 
engineers started at $7,000. Our man manfully resisted all siren calls. 


4—ONTO A BUS for the hour-long ride up to the Bronx exhibits 
Our man chatted en route with (r to 1) CtE author J. M. L. Janssen 
Ctk. Editor Bill Vannah, and Shell Oil’s Dr. S. Kaufman 


5—TO ENTER THE ARMORY hic had 
to trudge through the remains of 15 
in. of snow—N.Y.’s second worst fall 
since the Blizzard of '58 


6—HOW HE TOURED THE BOOTHS IN FOUR HOURS s 


MAY 1956 15 








6—THE TOUR STARTED with a flecting glimpse of booths, vary 


mig from fancy (Sperry Gyro, left) to classic (Honeywell). 





THE PITCH: Inside the 


my 


“What's the tape speed, Mac?” “No, it can’t simulate that!” “Now this ratchet uses forwardlash.” 


¢ THE WORKING DISPLAYS: Animated demonstrations and participation-type gadget 
/ , 4 Mo pulled the most onlookers. ‘There were several “automated” machines for suppliers 
Jif - 


| 


4 
af » 
1 


An Electronic Liberace Solid, Solid-State Hi-Fi An Electronic Walter Mitty 


AND THERE WERE OTHER ATTRACTIONS, TOO .. . 





“Oh gentlemen, you confuse li'l ole me.” “Be rectified—you can be sure if it’s . . .” 
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VOLTAGE REGULATED 
POWER SUPPLIES 


lor powering electronic. equipment 





with NEW-IMPROVED FEATURES 





* FAST recovery time 
* GOOD stasiity 
* LOW output impeDaNce 


KR Voltage Regulated Power Supplies are conservatively 
rated and are designed for continuous duty at 50°C ambient. 


REGULATION: Less than 0.2 volts for line fluctuation from 105- 
125 volts and less than 0.2 volts for load variation from 0 to 
maximum current. 


RIPPLE: Less than 3 mv. rms. 


‘ERO 


1.5 Amp. KR SERIES 





Mode! 
KRI6 
KRI7 
KRI8 
KR19 


Volts 

0-150 
100-200 
195-325 
295-450 


6.3V AC 
Each supply 19” 
has two 19” 
15 Amp 19 
outputs 19” 


600 ma. KR SERIES 


Rack Mount 
6.3V AC w 4 





124%" 
124%" 
12%" 
12%" 


17” 
a 
17” 
1/7” 


















































Model Volts 





STABILITY: The output voltage variation is less than the regula- 
tion specification for a period of 8 hours 


RECOVERY TIME: Less than 50 microseconds. The excursion in 


KR 8 
KR 5 | 


0-150 | 
1100-200 | 
195-325 











KR 7 | 295-450 | 


Each supply 
has two 
10 Amp 


19” ]10% 
19” 





outputs 


” 13” 
10%” 
19”1 1042” 


. 19" | 10%” 


13” | 
l L 
i” 





the output voltage during the recovery period is less than the 
regulation specification. 


OUTPUT IMPEDANCE: Less than 0.1 ohms from 20 cycles to 
100KC. Less than 0.5 ohms from DC to 20 cycles. Many units 
have very much lower output impedance. 


KR-3M 
FEATURES: 


@ Fast Recovery Time, Suit 
able for Square Wave Pulsed 
Loading 

@ Voltage Range continuously 
variable without Switching 

@ Either Positive or Negative 
may be Grounded 

@ Oil Filled Condensers 

@ Wire Harness and Resistor 
Board Construction 


@ Power Requirements 105- 
125 volts, 5060 cycles. 


@ Terminations on rear of unit. 


@ Locking type voltage control 
AC, OC Switches, Fuses, and 
Pilot Lights. 


@ Color Grey Hammertone 
@ Guarantee One Year 


All models available for 400 cycle operation on special order. 


"a | 
js 
aLhoue 











300 ma. KR SERIES 


Rack Mount 
Li) 





Mode! 
KR 12 
KR3 
KR4 
KR10 


125 ma. KR SERIES 


Rack Mount 
6.3V AC he H 0 


19”|/" 11” 
i917" 17% 
19” 1%” 
19” 1" 


Voits 
0-150 
100-200 
195-325 
295-450 


6.3V AC ] 
Each supply 91 7 
has two 19”| 7” 
] 

] 





11” 
ad 
gt 
11” 


5 Amp 19” 
outputs 19” 



































Mode! 
KR 11 
KR I 
KR 2 
KRY 


Volts 
0-150 
100-200 
195-325 
295-450 








Each supply 
has one 
3 Amp 
output 


























Te include 3 Current and Voltage Meters, Add M to Model 
aumber (eg ER 16M) and Add $30.00 to the Price 

Te inctude Oust Cover and Handies for Table Mounting, Add C to 
Model number (eg KRIG-C) and Add $10.00 to the Price 

Te include Meters, Dust Cover and Handles, Add MC to Model 
number (eg 4R16 MC) and Add $40.00 to the Price 


PRICES £08. Flushing 











A LINE OF 50 MODELS 
Available from Stock — Catalog on Request 


rd love V-to). 9 -Gue) 1) 1 


131-38 SANFORD AVENUE - 


FLUSHING 55 


N.Y. + INDEPENDENCE 1-7000 





WHAT’S NEW 


compar line Furth uld 


learn more, faster: booth attendant 
were better primed this year emed 
to know more about their product 
It was obvious that most manufac 
turers—more than 400 of the exhibi 
ters were small firms—are now in 

period of “hard selling”’ to « pe the 
ittrition that could come from giant 
competitors. 


Sessions Stimulate and Subdue 


Reports from CtE editors covering 
the technical sessions contained both 
negative and positive feedback Cone 
man, coping with the papers on “Au 
tomatic Control” and “Nuclear In 
trumentation” on ‘Tuesday, March 

1\ he was eithe 
or high on the froth 
paper on nonlinear control 
VI1S¢ “was so theoretical it 
have been infinitely bett in a 
IRD Or ATK] l'eedbacl ( ontrol 
Committee session Th iudience 
showed little interest in this and simi 
lar papers, but came abruptly to lit 
when the topics involved 
components. For exampl 
on transistor selection and application 
in a nuclear control devi ought 


ar 


forth eager questions on power volt 


ms age, current, frequenc\ itoff, pulse 

f é new vl ,* time, etc.” This editor fear that 
eeee ts md . 5 ( oO rca! 

7a poor presentation of control material 

at this session might have ired 


AKY off” engineers who were thinking of 
Ubes You eee entering our field 


More optimistic thought 


from the man who attende 


Ye OF 1% ACCURACY ... guaranteed. posium on the “Application 


MINIMUM PARALLAX ERROR... through use of knife-edge cent Network Ideas to Fe 
pointer and mirrored dial. tem Problems”. “I lik 


, ‘ hysi che a 
HIGH SENSITIVITY... from an all-metal, low-inertia movement. Paynes pind 4 


needed and was happy t 
MAXIMUM EASE OF ADJUSTMENT... without removing dial and fresher in the an i ti 
pointer. of my field.” He prais 
EXTRA DURABILITY . . . fatigue-resistant beryllium copper ner John Ragazzini: “Th 
Bourdon tubes used for pressures as low as 100 psi... longer thoroughly matched th 
continuous service between calibrations. the audience. ‘The pap 
AND IT'S VERSATILE... use it for checking service gauges... for id Aseltine wer CHCl 
test cells and panels ... for portable testers... for laboratory work of the technology and of th 
not requiring readability of 12’ or 16’ gauges. inalysis and synthesis of 
IT MATCHES ... available with matching standard back or front the two papers by Bow 
flange SUPERGAUGE case design. ham got right down to 
for handling certain 
lem Aseltine gave a_ parti 
cid treatment of root locus method 
emphasizing their geomet nplicit 


ind appeal to the engi intus 


i tion. Bower's paper whi lealt with 

7 ' FS. _G means of transforming various weight 

UNI jad ST ndgwarlers ing functions to frequen vy and time 
oe & FOR OVER 50 YEARS cales, was also a unique contribution to 


control-systems-engineering — literature 
Home of the SUPERGAUGE and should be studied parti ularly 


Division of American Machine and Metals, Inc., Sellersville, Pa, by those engincers working on mas 


Ask for bulletins on Test Gauges . . . the Fig. 1404 above supplied 
in 4!4", 6” and 8!" dial sizes, or, companion test gauges from 3” 
portable to 16” laboratory units. 
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new CBS 


high-frequency 
transistors 


NPN SYMMETRICAL 
ALLOY-JUNCTION 


Alpha Cutoff Frequencies 


2N182 
2N183 
2N184 


The basic design of thes CBS medi 
um-powe! high-frequence ransistor j 

1. NPN symmetrical for better frequency 
response and reversible collector and emit 


ter, permitting unusual pplication 


» Alloy junction... tor greater unmitormit 
high voltage and current, flatter gain char 
acteristics, more stable and dependabl pel 


formance 

The CBS 2N182, 2N183, and 2N184 are 
especially useful in radio-frequency high 
speed switching ind high-fidelity audio 
applications. Note the many desirabl 
features. Write for Bullet | ) 
complet data and helptul ij} 


CHECK THESE 


7 
| 
| 
+ + , Higt frequency resp 
| 


| | 2N184 High operating voltage 


} t High power gain at 4° 
| igh dissipatior ing 
2N183 pign Cissipe rat 


Low leakage current 


























Low base resistance 


Low collector capa 





"*e@ eee eeee 


Reliahle produc ts 
through {di anced king 


semiconductors 


CBS-HYTRON, 


A DIVISION OF CO JIMBIA BF 





Have You 
OTelat-jlel-ja-le 
CROSSBAR 
SWITCHES? 


Whether it’s the design for tomorrow's 
new computer—or for automatic process 
or production equipment, or a telecast 
ing or radar control system, or any one 
of countless other situations calling for 
fast and reliable multiple circuit sele 
tion—you'll want to know and consider 
Cunningham Crossbar Switches 


FROM MANY SOURCES TO 
A SINGLE DESTINATION 


Where electrical in 
formation originating 
from many points is 
to be measured of 
analyzed at a single 
destination, quick 
and reliable circuit 
selection is provided 
by the new Cunning 
ham Type “tT 
bar Switch 


OR TO SEVERAL... 


The same multi- 

source electrical sig- 

FJ a 4 nals may, in addi- 
, % tion to single point 
reading, be relayed 

to many other points 

simultaneously. The 

Cunningham Type 

“a Crossbar per- 

s each of a group 

10 circuits to be 

up to one or 

more circuits of an- 

other group of 10. 


THE Gummngham 
CROSSBAR 


is a new concept 

of switching, do 

ing the work of 

many relays with 

out costly, bulky, multiple wiring—with 
greater capacity, speed and efficiency. Its 
electrical characteristics fully qualify it 
for today’s most demanding multi-selec 
tion switching applications. For example, 
the Type “F" switch is used in test stands 
where hundreds of remote thermocouple 
readings can be taken from a single dial 
It serves the petroleum industry with cen 
tral station readings taken on tempera 
ture, pressures and liquid level at hun- 
dreds of remote points, Perhaps it can 
solve your problem with equal facility 
And when this multi-source information 
must be supplied to more than one des 
tination simultaneously, the Type “A” 
Crossbar can provide the answer, Check 
these features: 


Cross 


HIGH FREQUENCY—switches over 35 me 
LOW CROSSTALK—under 60 db at 10 
me (75 ohm term.) 

LONG LIFE © COMPACT @ FAST © QUIET 
LOW OPERATING POWER 

EXCEPTIONAL LOW CONTACT NOISE 
UP TO 6 CONDUCTOR CIRCUITS 


Let us help solve your switching problem 


Gunmngham CROSSBAR 4 
Established 1838 SWITCHES 74 


JAMES CUNNINGHAM SON & CO., INC 
SILITCHFIELD STREET, ROCHESTER 8, N. Y 
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talking about signals in the human nervous system. Other speakers (1 to 1 
Elias (MIT), Shannon (Bell Tel.), Goldman (Syracuse), Palmer (Sperry Gyro.). 


COMPUTER SYMPOSIUM was led off by Dr. A. V. 


The panel of speakers (1 to r) 


Bureau of Standards. 


2 0 aE 
Astin of National 
Forrester (MIT) 


Mauchly (Sperry Rand), Bonn (Sperry Rand), Astin, Sayre (IBM), Meagher 
(U. of IIL), Jacobson (Wayne U.), and Cohen (National Science Foundation) 


transport and heat-exchange control 


problems.” Our reporter closes by 
idvising readers to review 


pers when the IRE 
published 


thes« pa 


proc ce dings are 


Some Info on Info Theory 


Another CtE staff member joined 
an amazing 800 who gathered in the 
Waldorf’s Grand Ballroom to hear a 


series of papers by Goldman, Shan 
non, and McCulloch on information 
theory. ‘““The seemed con 
scious of the ‘newness’ of its topi 

about seven years old 


session 


and must have 
been attended mainly by people inter 
ested in its scientific vanguard rather 
than practical application (but 800 
people?). Nevertheless, perhaps to re 
fute the oft-heard comment that info 
theory is interesting but without much 
utility, Goldman's paper got down to 
hgures for a specific situation: radio 
transmission using tropospheric reflec 
tion and the loss of message coherence 
due to different distances traveled by 
reflected waves. This loss of defini 


tion of the signal wa lated as a 
factor to show that it 1 
po ible to calculate the optimum 
distance for practi il transmission by 


cohe rence 


this technique using the modified 
Shannon theory. Then, Shannon him 
elf the an who sparked the whol 
movement—gave the outline for a 
to calculate the optimum 
word length for noisy channels (it 
was not particularly startling 

“At this point a session commentary 
conducted by Peter 
only light questions—perhaps becaus¢ 
both preceding papers appeared to b 
‘traightforward ilthough 
they were quite complex mathematy 
ally. The closing paper by McCulloch 
indicated a new degree of agreement 
information 
sults of the experiments he 


tec hnique 


I lias produced 


relatively 


between theory and r 
has bee } 
conducting in measuring neural 

in the central nervou 
thought this 
order “The 
loaded with an air of 
which doubtless}, 


pulse S ystem 


Our reporter obering 
note was in topi | 
theory 


many of its 


“Super 
ittract 











DEPENDABLE DETECTION of heat process temperatures can 
help you avoid costly production losses. General Electric's 
complete line of thermocouples, wire and accessories includes 
detection elements for nearly 


custom-tailored primary every 


G-E PYROMETERS 


PRECISE INDICATION of temperatures can give you close 
quality control of products in your heat processes. G-E in 
dicating and controlling pyrometers offer a low-cost way to 
maintain precise temperatures despite changes in voltage or 


=e TT 
unt 


RECORDED CONTROL of heat in your processes can give | 
truly continuous product quality. G-E 
corder controllers provide long-term ac« 


urement and continuous d control 


potentiometric re 
iracy precise meas 


ependable Features are 


FOR FURTHER INFORMATION on G-E thermocouples, pyrom- 
eters, and potentiometric recorder-controllers, contact your nearest 
G-E Apporatus Sales Office or write Section 587-5, General 
Electric Company, Schenectady 5, N. Y 


heat process appli atior 
thermocouples (shown abov« 
changes than conventional 


offers fast shipment of thermox 


| 


ambient. You are assured of pre 
repeatal ility I 
when temperatu 


full scale. Sev 


en-incn n 


re ee ee oe 
27 
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' as na 
ious Stand 


ment, and 


and batteries 


reduced n 
Both 


are available for ' 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 





Comar’s 


NEW 


MINIATURE 


DC RELAY 


COMPACT SIZE 
%" wide, 1-3/16" long, 1” high 
maximum size 


SENSITIVITY 
Rated at 40 milliwatts 
(20 mw. minimum) 


2 MOUNTING STYLES 
Single stud, 6-32 x 5/16” 
or insulated bose 


COIL RESISTANCE 
7500 ohms, standard 


CONTACT RATING 


“” amp. at 115 VAC, for SPDT 
Cross-bar contacts available 


Applications: 
Automotive 
Radiosonde 
Expendable Devices 
Printed Circuits 
Electrical Toys 


Low Cost Electronic 
Equipment 


—and others 


Send For Full Details 





ELECTRIC COMPANY 
3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 
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follower but thus far ther 
no fair appraisal of its har 
nificance today and in th 
ture.” 


The Impact of Computers 


\ compl te change of 
wrought by the symposium « 
Impact of Computers on Scict 
Society”. “Technical jargon 
toriously absent,” our man not ind 
most of the speaker confined them 
selves to intelligent but mpletel 
general and vaguely familiar stat 
ments about the subject. Sayre mad 
a thoughtful point when h id that 
the ceiling on computers will not 
be a technical one—we are over that 
bridge now—but one of economics and 
social acceptance. Further, he stated 
that computers will be used | ind 
less as mathematical computing dé 
vices and more and more as general 
logical devices in solving problem 
l’orrester aroused controver vhen he 
que tioned today’s so-called urgent 
need for engineers. According to liv 
ing-index figures, he said, engineer 
are far behind construction worker 
and manufacturing people. If engi 
neers were really in demand the wag: 
scale would show it. He went on to 
say that it is a misconception to bé 
lieve that only engineers can program 
a computer and suggested that com 
puter training might well start in to 
morrow s high school or grade hool 
Our observer concludes lhe em 
phasis of the session was on prac 
tical problems rather than blue sky 
but the skv showed through—in 
practical way.” 


Solid-State Status 


On the last day a special session 
reviewed some of the year’ progress 
in the most-talked-about items in the 
IRE kit: solid-state device Seven 
papers Originating from leading lab 
oratories in the field (GE, Bell ‘Tele 
phone, RCA, ‘Texas Instrument) re 
viewed such items as “Electrets”’, and 
h-f germanium tetrode, power tran 
sistors, and a semiconductor capaci 
tance amplifier. Our peripatetic edi 
tor describes the paper on “Electret 
(a GE development, similar to ferro 
electrics, but retaining a_relativel) 
permanent field after charging—5 to 
20 vears instead of weeks) as intrigu 
ing, but the final impression created 
was that they offer little advantag 
over present device in producing 
polarizing fields. ‘The paper, “Power 
I‘ransistor Design Limitation | 
Mason Clark of Bell ‘Telephon 


seemed a real contribution, although 





FOR 3000 PSI 
PNEUMATIC 
SYSTEMS 


te) 4 Leliem’/. 18's = 
REGULATORS 
INTERLOCK VALVES 


Stratos’ Western Branch now is turning out sole- 
noid valves and pressure regulators for 3000 psi 
pneumatic systems. Light, reliable, precision-built, 
they complement the large group of Stratos pnevu- 
matic equipment for aircraft. 


Solenoid valves are made in two types, each 
produced as: normally closed, normally open, and 
normally closed with manual override. Designed 
for continuous duty in aircraft pneumatic systems, 
Stratos 3000 psi soienoid valves are « ompact light, 
and simple to install. Drawing less than i amp, 
they are fast acting (0.020 sec,) and their reliable 
performance remains unaffected by 


of —65°F to over 165°] 


temperatures 


Flow capacities are equivalent to a 0.040" sharp 


edge orifice for the direct-operated size and to 


0.312” for the larger air relay type. The solenoid 


Mode! 7008 
solenoid valve 
assembly 


of the smaller model is used in the higher-flow air 
relay unit. 


Exploded view of 
Model 7006 
solenoid valve 
core, assembly 
and body 


Both types are available as either complete units—or 
as core and seat assemblies which can be threaded 
into housings integral with the mechanism to be 
controlled 

Model 7009 


solenoid valve 
core 


Photos not to scale 


Mode! 7002 
pressure regulator 


Pneumatic Pressure Regulators by Stratos 
provide a wide range of adjustable downstream 
pressures and are designed to operate with 3000 
psi supply. 


The high flow model, with a flow capacity equiva- 
lent to a .115 diameter sharp edge orifice, can be 
adjusted to downstream pressures from 400 to 


1500 psi. Downstream proof on this pilot operated 
unit is 5000 psi 


The poppet-type, medium flow regulator illustrated 
delivers a capacity equivalent to a .035 diameter 


sharp edge orifice, adjustable downstream pres- 


sures range from 100 to 8U0 pszi., proof pressure 
is 1500 psi. 


For more complete data on Stratos’ 3000 psi solenoid valves 








Provides pneumatic and electrical interlock to pre- 
vent premature energization of devices in series 
with actuator of interlock vaive 


INTERLOCK VALVE 


pneumatic electric 


Pressure: 

Rated 400 to 1500 psi 
Proot 3000 psi 

Burst 4000 psi 
Control: Mechanica! 
Interiock switch rating 
at 30 V dc or 250 V ac 
is 10 amps 

Weight: 1.2 pounds 
Ambient temperature 
range: —60°F to 165°F 








and pressure regulators, write to: Stratos’ Western Branch: 
1800 Rosecrans Avenue, Manhattan Beach, California 


Stratos Western Branch also makes 


ACTUATORS + COMPRESSORS - EJECTORS - CONTROLS 


STRATOS 


A DIVISION OF FAIRCHILD ENGINE & AIRPLANE CORPORATION 


Main Plant: Bay Shore,..|.,4.Y. Western Branch: 1800 Rosecrans Ave., Manhattan Beach, Calif 
West Coast Office: 1355 Westwood Bivd., Los Angeles, Calif 


Accessory systems and precision equipment for aircraft 





PALMER nee 


MERCURY ACTUATE 


recorders 





Into this modern Mercury Actuated 
Recorder has gone all the skill of 
Palmer master craftsmen, 





Readings are clearer, smoother and 
more precise than ever thought pos- 
sible. In fact readings are so amaz- 
ingly improved that maintenance is 
never needed under normal uses. 








24 


Recording Thermometers feature twelve 
inch die-cast aluminum case with black 
wrinkle or white satin finish. Single or 
multiple pen construction, Electric or 
spring wound clock, 24 hour or 7 Day 
Revolution. Flexible Armor and bulb of 
stainless steel, Ranges —40 to 1000°F, 
or Equivalent in C, 


Send for Bulletin No, 45 


Consult your Classified Directory 


PALMER 


THERMOMETERS, INC, 


Mfrs. of Industrial Laboratory, 
Recording and Dial Thermometers 
Cincinnati 12, O. 
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the author talked hi 
It uggested certain 
for comparing 


ubj ct down 
figures of merit” 
power transistors for 
various applications—with optimized 
design for the transistors a distinct po 
sibility. Conclusion: “This session 
would have been much better if more 
attention had been paid to 1) possibili 
ties for applying the device 
comparing the units with pres 
ently available device: This more 
practical approach would not have dc 
tracted from the research and devel 
opment approach that was taken, and 
certainly would have enhanced it.” 


5, and 2) 
new 


Feedback for the Future 


While these comments reflect the 
traditional error-correcting viewpoint 
of the control engineer, they are not in 
tended to minimize this important 
point: by and large, this latest IRE 
meeting was a great and significant 
one. In its technical sessions and on its 
exhibit floor it tried to be all things 
to all men—and it darn near succeeded 
But there is always a seam-bursting 
limit for something that keeps grow 
ing bigger cach year. Perhaps the 
time has come for its directors to meas 
ure IRE for a new and better-fitting 
convention suit : 


IRD-ASME Converge 
on Nonlinear Control 


Continuing 
at university 


its annual conferences 
campuses, the Instru 


ments and Regulators Div. of 
held the second in the seri 
with AIK] it Princeton | 
March 26-28. Nonlinear control 
tems was the theme Northwe 
University will host the third 
conference early in April, 1957 

the papers will deal 
physical systems in the pr 


ASMI 
jointly 


niversity, 


tern 
IRD 
l here 
with control of 
ence of 
random disturbance 

C. A. Ludeke, University of Cincin 
nati, began the Princeton conference 
by demonstrating 
nomena visually 
chalktalk, slides, 
working models 
eccentric 


nonlinear ph 
and with 
and 


iudibly 
moving picture 
Assemblies of springs, 
weights, sticky bearings, a 
belt sander, and surplus motors rang 
ing from two horsepower to “Erector 
set” whirred, ground, 
and thumped out the principles. He 
developed odd-order 
that occur in second-order systems 
with exponential restoring effects and 
then demonstrated frequency 
ment, 

At its dinner the evening of March 

the division awarded 
J. B. Reswick and ‘T. Goodman for 
their paper, “Determination of Sy 
tem Characteristics from Normal Op 
erating Records”, presented at the first 
IRD conference, April 25-26 , Ann 
Arbor, Mich. W.G. Brombacher, past 
chairman of the division's 
committee, was honored for his work 
in standardizing and classifying meas 
uring instruments and their literature 
SOUTCCS. 


$1Ze scraped, 


subharmoni 


entrain 


honors t 


executive 


VISITING GERMAN INDUSTRIALISTS got a thorough briefing on U.S. 
progress in automatic control from CtE Editor Bill Vannah on March 20. 
Sponsored by American Management Association, the visitors seemed well 
primed technically and asked many pertinent questions—particularly about 
digitally controlled machine tools. On Bill's left is the articulate young lady 
who provided simultaneous translation. 





2 man-years 
of data-reduction 
time 


Saved in 
12 months: 


In designing the Air Force’s giant C-130 “Hercules” Transport, Lock 
heed Aircraft’s Georgia Division tested model after model . . . . meas- 
ured stresses at up to 500 points per wing as loadings were gradually 
increased in the test jig. Just a few short years ago, the resulting 
mountain of raw data would have been a serious stumbling block to 
the development program. But with the aid of a specially designed 
Consolidated Automatic Data-Processing System, Lockheed engi 
neers were able to slash data-reduction time to the bone. In just one 
year’s operation, it saved two man-years of data-reduction time! 
It’s a story repeated over and over, wherever data is accumulated 
in large amounts and processing and reduction time must be reduced 
Whether the activity is engineering and development testing, as in the 
Lockheed example, or in process monitoring and control . . . chemical 


analysis .... or general data processing . let CEC’s experienced 


Systems Division look at your problem. The results will pay off for 


you immediately ... . and for years to come 


\ 


PANT: 





Chemical 


Systems Division sential 


Consolidated Electrodynamics 


CORPORATION 


formerly Consolidated Engineering Corporation 


300 North Sierra Madre Villa, Pasadena, California « SALES AND SERVICE OFFICES IN 
Boston, Buffalo, Chicago, Dallas, Detroit, New York, Pasadena, Philadelphia, San Francisco 


just a few of the 
system’s unusual 
operating features 


balances and reads out up to 200 
strain-gage channels at an average rate of 
25 channels per minute. Capacity can be 


increased through additional commutation 


automatically tabulates true, corrected 


values, in pounds, psi, degrees, ete 


. punches a master control tape so that 
a similar test format can be repeated at 


any time fully automatically 


provides a punched paper tape for 
automatic conversion of all bridge outputs 
1olBM pun hed cards 


operates with O.1% of full-scale a 
curacy i.e., resolves d-c inputs greater 
than * J] my into 1000 counts within 


/ count 


Ihe Data-Processing System designed and 
built for Lockheed i» but one example of 
the CEC Systems Division's work. For 
more facts on what CEC Systems Engi 
neering can do for you, Write today for 
Bulletin CEC 1304-X27 


Liectroni 


| 

| 

| Instruments 

| for 

| Measurement 
| 

| 


Albuquerque, Atlanta, and Control 


Seattle, Washington, D.¢ 
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NEW 
LIQUIDOMETER 
SENSITIVE 
RELAY... 





SENSITIVITY 
at 55 throug! 100 ¢ 


VIBRATION 


80-microwatts 


The new Liquidometer 
miniature magnetic amplifier 
relay, model B250-1, 
features high sensitivity 
and vibration resistance, 


Designed for use in guided missiles, air- 
borne computers and circuits employing 
photocells, transistors or thermistors, 
the new 6 oz. Liquidometer relay has 
been designed to meet the requirements 
of MIL-R-5757C and MIL-E-5272A. 
The B250-1 has virtually no external 
magnetic fields. It requires no shock 
mounting 


SPECIFICATIONS 
Sensitivity: 80 microwatts from 0-5000 
ohm resistive source, decreasing to 100 
microwatts for a 15,000 ohm source 
Vibration: 10 G's from 5 to 500 CPS 
Ambient Temperature: —55° to +100°C, 
Contact arrangement: DPDT 
Contoct life: 100,000 operations at 2 
amps resistive 
Dimensions: 14 in, diameter by 2% in, 
long 
Weight: six ounces 


For complete details, write Dept. P 


for Bulletin 562 


THE LIQUIDOMETER corp 


SKILLMAN AVENUE AT 36 ST.,LONG ISLAND CITY 1, N.Y, 


WHAT’S NEW 


A YEAR FROM MOCK-UP TO MODULE: 


Westinghouse Speeds a Product’s Evolution 


When Westinghouse held its 18th 
Annual Machine Tool Electrification 
lorum in Buffalo, April, 1954, 
' panel on the stag 
question to the 


in en 
po ed thi 
What basi 
change in contro] apparatus is desired 
from the electrical industry?”” In reph 
a member of the audience said, ‘“W<« 
really need a cuit relay with 
parts ; Thi uggeshon 
must have hit home lor just one 
year later (at the same forum in °55 
Westinghouse announced and di 
played crude models of a device to do 
thi job Called CYPAR”. it 

reviewed in Ctl June, 1955 page 

And today, only two years after recei 
ing the challenge, thi 
company ha lution 
of its prototype The result is a slick, 
encapsulated, 


YiIncelr 


1udience 


ontrol Ci 
no moving 


rast moving 
completed the e 
plug-in approach to 


tatic element machinery control 


HOW CYPAK EVOLVED 


ALS 


CYPAK “new look fic 
pra tical W estinghous xchang 
with industry. Last year th 
conducted eight CYPAK 
industry m 
Whil 
ty] 


neers received a hatful 


} pati 


Major maust 


tea hing the desis 


9% control circuit 


on product redesign 
these plu veral hom 
vcrTe u ed 
We tinghousé has found that 
trol circuit of “average m 
created bi 
clements for a cost 
cent over that for 
ontrol. But whik 
rreater, the compan 
bility, long life, and 
features of its new 


use pay off in a 


tHE OLD AND THE NEW-—13 single-circuit encapsu 
lated elements replace eight double-circuit units of old de 
sign. At right is the new plug-in power-channel mounting 


bar. 


VERSATILITY of CYPAK is demonstrated by this billet 


counter—developed last year for a steel plant. 
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im color tv, too 


CRUCIBLE PERMANENT MAGNETS 


for beam correctors, color purifiers and color equalizers 
give maximum energy... minimum size 


Designers of electronic and control equipment can 
count on a consistently higher energy product 
with Crucible alnico magnets. It means greater 
power from a minimum size magnet! 

And they’re available in practically any size 
you want—from a fraction of an ounce to 
several hundred pounds. What’s more, Crucible 
alnico permanent magnets can be sand cast, 

shell molded, or investment cast to your exact 
size, shape, or tolerance requirements. 

Crucible has been a leading producer of these 
permanent magnets ever since alnico alloys were 
developed. And their manufacture is backed 

by over a half century of fine steelmaking 
experience. That’s why so many magnet 
applications begin at Crucible. 

Crucible Steel Company of America, 

The Oliver Building, Mellon Square, 

Pittsburgh 22, Pa. 





[CR U C | # LE} first name in special purpose steels 


Crucible Steel Company of America 
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Here's The "Inside Story" of 


PENBERTHY 
GAGE VALVE 
SUPERIORITY 


apt 


Stainless Steel 
Standard of 7 
Quick-Closing | 
Stem | 
Stainless Steel | # 
Packing Gland 

| 
High Tempera 
ture Resisting 
Stem Packing 
Stainless Steel | H 


Stem Packing j 


Steel 
Lockout 


Identification 
Plate 


Steel Wheel 


or Lever 





Steel Stem 
Packing Nut 


Retainer 


Porged Steel 
Body 


Stainless Sceel 
Ball 





| 


P< 
ee 


Stainless Steel 
Ball Retainer 


Patented "Float 
ing Shank | U 


Steel Tailpipe NA 


Steel N 


Coupling Nut 


' 
@ Unmatched quality and design mean top 
performance at lowest cost during long ser 
vice, FLOATING SHANK alone saves 50 
Order through 
Write for Caralog 


complete line 


PENBERTHY INJECTOR COMPANY 


Division of the Buffalo-Uclipse Corporation 


1242 Holden Ave., Detroit 2, Michigan 


PnBCAT 
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or more on installation costs 
local suppler or direct 


No. 35 showing 


@ GAGES 

@ EJECTORS 

@ EDUCTORS 

@ EXHAUSTERS 

@ SYPHONS 

@ ELECTRIC SUMP 
PUMPS 

@ CYCLING JET 
PUMPS 

@ INJECTORS 
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WHAT’S NEW 


Important Moves 
by Key People 


P The election of Frank J. Skwarek 
to vice-president of Polarad Electron 
ics Corp. parallels the start by Pola 
rad of increased activity in the fields 
of microwave tubes and medical in 
strumentation. Emphasis in the latter 
field will be on low-frequency spec 
trum analyzers and the application of 
nuclear resonance phenomena to spec 
troscopy. Skwarck was with Sperry 
Gyroscope Co., Doelcam Corp., and 
Raytheon Mfg. Co 


Polarad, wher 


before joining 
prior to his election, 
he had been manager of engineering 
operation 


> Bruce Grimm, who remained with 


F. J. Skwarek 


I. C. Light 


oe? 


= 
R. O. 


Bruce Grimm 


Fredette Lee Cahn 


the Precision Potentiometer D of 
Electro Circuits, Inc., when the di 
vision was sold to General Control 
Co., has been appointed ief engi 
necr of PPD At about the me 
, Gordon F. Walker becomes man 
of field engineering of General 
Grimm will be located at 
Calif.. Walker at Skoki 


time 
agel 
Controls. 
Glendale, 
I] 

P john A. 
transistor-circuit applications, ha 


Doremus, a pioneer in 
been 
named vice-president for engineering 
of Aircraft Radio Corp. He comes to 
ARC after three vears as director of 
engineering for Allen D. well 
Mfg. Co., supervising design of el 

tronic meteorological instrumentation 


variable capacitor and 


precision | 


communications facsimile equipment 


J. A. Doremus 


Warren Roberts 


R. H. Williamson 





ANN 
FU SUE Vit 








SUPPLY 











Grinding Line 


16 Hed y tn \ walt ta- 


stotled of Missi ippi Gloss C , H. Louis, by alan sea SIGNAL MIXER 
Hornbeck ond Hardie Electric Company, St. Louis. , 








DEMODULATOR AND RELATIVE 
POSITION ADJ 











MAGNETIC 
AMPLIFIER 


Polishing Line 





N THE MANUFACTURE of Polished Wired Glass, a series of necessary that the relative position of the two lines be 


, h oth t all times 
grinding and polishing operations employing increasingly synchronized with each other at all time 


A visual method of synchronization h involved a 


finer grades of abrasives and a polishing agent is necessary 
stop-watch and ruler proved unsatisfactory 


to achieve a smooth, flawless surface. In this particular case, The problem is solved by the instolletion of @ Vickers 


grinding and polishing is accomplished on two separate but Magnetic Amplifier Controlled Synchronizer. This synchro 
parallel conveyor lines. nizer controls the speed of the polishing ‘slave’ line. The 


speed signal is derived from synchros which detect relative 
Since it is necessary that the tables which carry the 
conveyor position. By this technique, the positional accuracy 


glass be transferred from one line to the other, and since between the two conveyor lines is held to less than + '/z inch 


other machinery must be coordinated with these lines, it is throughout a 2:1 speed range for the grinding ‘master’ line 


ELECTRIC DIVISION 


VICKERS INCORPORATED 2 unit of Sperry Rand Corporation 
18605 LOCUST STREET © SAINT LOUIS 3 MISSOURI 





Our 

Solves 

RELAY — 
Problems. _ 


‘ / 
Vitty re 
oo 


‘¥ 


/ 


FOR A QUARTER OF A CENTURY 


Potter and Brumfield has designed 
and manufactured relays. 


Many thousands of relays engineered to meet 


the most exacting quality standards. 


But, still thousands of other designs built to meet the 


most competitive prices. 


Samples and quotations gladly furnished. 


For quick delivery over 350 different standard relays 
stocked by Franchised Distributors throughout the 


United States and Canada. 


Pitter 1p 


PRINCETON, INDIANA 


SUBSIDIARY Of AMERICAN MACHINE AND FOUP 
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RS Series Relay 
illustrated 
low cost & sensitive 
type relay 





WHAT’S NEW 


As chief engineer of the Carrier 
Control Div. of Mot la, In 
furthered most of that 

carly work in transistor circuitry. 

> Summes Gyroscope Co. has formed 
a new division, and has elected a 
vice-president to supervise it The 
new unit: the Research & Quality Div 
Edward C. Light, the chief officer, 
has been with Summe ince 1946 
becoming chief engineer shortly after 
ward and vice-president for engineer 
ing in 1952. Before 1946 he was with 
Glenn L. Martin Co. and Hughes Air 
craft Co. 

> Warren Roberts goes from the po 
tentiometer unit of the Air Force’ 
Cambridge Research Center to Ace 
Electronics Associates as engineer in 
charge of its Quality Control Dept 
At Cambridge he developed multiple 
wiper potentiometers and worked on 
such projects as the Volscan air traf 
control system. During the war he 
did potentiometer work at the MI 
Radiation Laboratory 

> A specialist in automatic computing 
machines has joined the staff of long 
range development studies of Jones 
& Lamson Machine Co. He is Dr. 
Miles V. Hayes, formerly head of the 
Research Dept of United Aircraft 
Helicopter Section While with 
United, Miles supervised machin 
computations on ‘copter design and 
conducted wind-tunnel experiment 
on ‘copter rotors. He has also been 
with Hughes Aircraft Co. and ‘Tide 
Water Associated Oil Ce 

> Cook Electric Co.’s Cook Research 
Laboratories Div. has named Ray- 
mond Q. Fredette assistant director 
of research. Fredette joined Cook 
Research in 1953 as engineer and 
chief acrodynamicist. Previous to thi 
he had been with the Navy Dept 
Johns Hopkins Universit ind Cal 
lech 

> Dr. William Shockley, a pioneer in 
the development of the junction 
transistor, has been appointed dir 
tor of a new Beckman Instrument 
division bearing his name. ‘The ini 
tial staff of the division, known as the 
Shockley Semiconductor Laborator 
consists of Dr. G. Smoot Horsley, for 
merly with Motorola, In ind Bell 
Telephone Laboratories; Dr. Leo B. 
Valdes, formerly with Pacific Semi 
conductors, Inc., and BTL; Dr. Wil- 
liam W. Happ, formerly with Ray 
theon Mfg. Co. and Sylvania Ele 
tric Products, Inc and Dr. R. V. 
James. ‘The laboratory, now in Moun 
tain View, Calif., will move t perma 
nent quarters in Palo Alto, Calif 
next August. New appointments in 





Lapp 
PULSAFEEDER 


#y' CONTROLLED-VOLUME 
Mh CHEMICAL PUMP ain Puteswicrins com 


pump for controlled-volume 


Lapp Pulsafeeder is a com- 


pumping of fluids. Reciprocating piston action 
prov ides positive displaceme nt But the piston 
pumps only a hydraulic medium, working against 
a diaphragm. A floating, balanced partition, the 
diaphragm isolates chemical being pumped from 
the working pump parts—eliminates need for 
stuffing box or running seal. Pumping speed 

is constant; variable flow results from variation in 
piston-stroke length—controlled manually by 
hand-wheel, or, in Auto-Pneumatic models, by 
instrument air pressure responding to any 


instrument-measurable processing variable 


WRITE FOR BULLETIN 440 with (ypical applications, 
flow charts, description and specifications of models 
of various capacities and constructions. Inquiry Data 
Sheet included from which we can make specifi 
engineering recommendation for your processing 
requirement, Write Lapp Insulator Co., Inc., 


Process Equipment Div.,700 Wilson St., Le Roy, N.Y. 





ei -3 2ok g -eeeote] ha Tele 


o} Me Ao] Si ae —laliid me oll-lalm@ecleol-17-tilels| 
...at your fingertips! 








supervises 
multiple func 
with only 


NEVER BEFORE such a simpli- 


fied method of telemetering! 

This new telemetering system 
} supervises the control of 10, 
multiple control of great 16, 20 or 32 plant 

numbers of functions is possible. operations instantaneously! 


Over a single pair of wires, 


The unit is rugged, compact, | 
° Combinations of these units 
can increase control of 
100, 250 or even more 
functions, if needed. 


economical to run— an ultra 2 | 
reliable machine that affords ; 
complete plant control with 


the push of a button or switch. 


operates valves, pumps, 
motors, switches, fans, 
signals, etc. 


Write for detailed specifications 


| 
| 
pe Push button or switch control | 
| 
| 
! 


eT a ®@ Control Equipment & Systems 
a @ Wind Tunnel Instrumentation 

TALLER & COOPER INC A @ Toll Collection Systems 
’ : 4 ® Digital Computers 

ENGINEERS * MANUFACTURERS 4 ® Special Purpose Printers & 

| Instrumentation 


l @ Chemical Analyzers & 
Control! Equipment 


75 Front Street . Brooklyn 1, N. Y. 
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WHAT’S NEW 


s;eckman’s Beckman Di Lee Cahn, 
formerly chief project engineer, to 
product line supervisor for infrared 
pectrophotometer ind Phil Evans, 
formerly with Scientific Supply of 
Scattle, to pectrophotometes iles en 
gineer. Cahn, who has had previou 
experience with Askania Regulator 
Co. and North American Aviation, 
Inc., is responsible for development 
of an automatic depth control device 
for submarin« Ihe Arga Di new 
iles manager is Michael S. Dayton, 
formerly with Lear, In Sperry Gyro 
cope Co is semor field engineer 
and the Armament Laboratory of 
Wright Air Development Center 
Wright AFB 
> R. H. Williamson, the new man 
wer of Kellogg Switchboard & Sup 
Co.'s Industrial Sal ept., wa 
IBM. before joming Kellogg m 
His company is a division of 
International lelephon « lclegraph 
Corp 
> Elmer P. Wheaton, chicf missil 
engineer, heads the contingent of 
Douglas Aircraft missile pecialists 
now securely ensconced in new qual 
ters in Santa Monica, Calif. On 
Wheaton’s staff are R. L. Johnson, 
issistant chief missile engineer, and 
M. H. Hunter, design engineer. This 
completes the eparation of mi ile 
ind aircraft engineering functions, a 
move necessitated by increasing work 
on guided devices. Douglas is handling 
cight missile projects at present 
> Irederick M. Rutledge and Crayton 
H. Schwestka, formerly with South 
em Services, power plant designers, 
ind P. R. Mallory & Co., r pectively, 
have been named chief control engi 
neer and chief design engineer, in 
that order, by The Haves (¢ orp 
PA noted research engineer and con 
ultant to the armed forces has been 
elected vice president for research of 
Norden-Ketay Corp. He is Dr. Louis 
I'en Eyck Thompson, a director of 
Norden-Ketay and a former director 
of research. He received the Navy’ 
Distinguished Civilian Service Award 
in 1952. 
& Hycor Co., In ha ippointed 
Philip R. Geffe engineering director 
it North Hollywood, Calif. He will 
guide activities in wave filters, mag 
netic amplifiers, resistors, attenuators, 
ind equalizers. He came to Hycor last 
November from ‘Triad ‘Transformer 
Corp., where he had been chief filter 
engince! 
> New manager of the Human Engi 
necring Section of AVCO Mfg 
Corp.’s Crosley Government Products 
Div. is Dr. Vladimir A. Sklodowski. 





HOW MANY 
POSITIONING | 


PROBLEMS 

CAN THESE AMAZ- 

ING UNITS SOLVE 
FOR YOU? 


Frankly, we don’t know. Almost daily we hear of 
some new application that never occurred to 
us. But we do know this: electronics engineers 
are achieving the “impossible” with Saginaw 
ball/bearing Screws and Splines, particularly 
these miniature sizes, from 1'4 to 3 inches long. 


CHECK THESE UNPRECEDENTED PERFORMANCE ADVANTAGES: 


Saginaw bali/bearing SCREWS 


Nut glides on steel balls 
Like stripes on a barber 


pole, the balle travel to- ‘ < balle diagonally 
of mut to 
forming stead of sliding 


ward end of nut through rr + across outside 


spiral “tunnel” formed by starting point 


At end of trip, « 
more tubular guides les 


Saginaw bali/bearing SPLINES 


or The Saginaw h/t 
ad cally increases 
of tramemittir 


concave threads in both closed cirenit through other, the mat 


screw and mating nut 


TIMES MORE EFFICIENT 


Up to 95%, efficiency guaranteed in transforming rotary 
to linear me ; over 80°, efficiency, linear to rotary 
Require less on 1/5 as much torque as conventional 
Acme screws for equal output 


SAVE SPACE, WEIGHT, POWER 


Permit much emaliler, lighter motors and auxiliary 
equipment. Saginaw b/b Serewe have been built from 
1)¢ inches to 39» feet in length 


PRECISE POSITIONING AND SYNCHRONIZING 


Machine-ground ty pes provide precision control within 
fractional thousandthes of an inch, plus perfect synchro 
nization of two or more movements 


OPERATE IN VERY ADVERSE ENVIRONMENTS 


Saginaw b/b Serews have been designed and built to 
operate from 7 to +900° F 
faile or cannot be originally provided, they will «till 
function with remarkable efficiency 


Even if lubrication 


LONG, DEPENDABLE SERVICE LIFE 


Accurately predictable life engineered to design require 
ments. Special Gothic arch groove design and multiple 
circuits assure dependable performance 


SYcrews é. Splines 


which balle ree 


irculate aide ont 


The ater 
in closed civ 
mating lon 
ways space 
cumflerence 
and outer 


turn ballet 


40 TIMES LOWER FRICTION COEFFICIENT 
THAN ORDINARY SLIDING SPLINES 


By applying the same basic gliding ball principle 
pioneered by Saginaw in the ball hearing serey 
this revolutionary new kind of apline makes 

tical new engineering designs never before possible 


TRANSMIT OR RESTRAIN HIGH TORQUE 
LOADS FAR MORE EFFICIENTLY 


In any application where column ler 
under torque load, the Saginaw bt 
precedented freedom from sliding epl 


WIDE CHOICE OF ATTACHMENTS 


Can be fitted with integral gears. « 
ing and sprocket seate or other 
with electric, hydraulic or pave 


WIDE RANGE OF SIZES AND TYPES 


Saginaw b/b Splines hav 
inches to 9 feet in length, « 
diameter. To co 

helical types 

ranging from 20:1 t 


MAIL COUPON TODAY FOR NEW 
ENGINEERING DATA BOOK 


Saginaw Steering Gear Division 

Ball Bearing Screw & Spline Operation 
General Motors Corporatior 

Dept. 4V, Saginaw, Michigeor 


Please send y Engineering O 


Name —Title 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
} 





WHAT’S NEW 


Others appoimted to the section ar 
Maurice A. Larue, Jr., research pli 
cist, and Frederick W. Trabold, Jr., 
industrial psychologist 

> Melvin Ehrlich and Milton Geller 
have been appointed senior engincer 
in U. §. Testing Co Electronic 
Dept. Ehrlich has been with Signal 
Corps Engineering Laboratories, the 
Navy's Electronics Offic ind the 
Physics Dept. of Long Island Uni 
versity, Geller with Magnetic Ampli 
fiers, Inc., and Panoramic Radio Prod 
ucts, Inc. 

P Robert R. Mawson fil! 

dated Electrodynamics ( 

post of project chief for 

tron pressure-sensing equipment 
Mawson joined Consolidated in 195] 

















MODEL S-12-C 























becoming SUPCTVISOI ot quality control 


INDIVIDUAL O , A } in the test laboratory of th l ran 


ducer Div. in 1953 and a 

SYSTEMS " * | in pressure-sensing device 

y ‘ | | > North American Aviation, In 
ADAPTATIONS continues to build up it Autonetics 
Div. (Ctk, April p. +. New assist 
ant to the general manage1 Stanley 
D. Zemansky, with the company since 
1937 and most recently general supe 


SIZE: — 


VISOI 








clectromechanical product 
7" x 19” x 10” Ope rations Dr. 1D. B. Duncan, who 
becomes assistant chief of the divi 
sion’s Guidance Section, joined Au 


onetics in 1950 and has been a group 
ANOTHER EXAMPLE or Wnixinan PIONEERING... ae tre ee ind research | 


, " > Allan Beek tak over th 

The S-12-C series of Systems RAKSCOPES have been developed for Contract Computing Center a 
the dual purpose of monitoring and troubleshooting of rack-mounted equip- ae 
ment. These oscilloscopes obtain a new degree of flexibility with the mul- tics Research's new ipplications man 
one input selector making possible selection of different signal sources. ager. He has been a physicist with 
This optional vertical input selector, with built-in attenuators, selects either KlectroData Corp. and has held othe: 
front panel connectors for troubleshooting or rear mounted connectors for positions with Northrop Aircraft, | 
systems monitoring. This permits the omission of an entire switching panel iB Aviat Con ( 
from an overall system resulting in circuit and space economies. A rug- _ — Sgro ie ae nae 
gedized construction philosophy has been carried throughout. Vertical and puter Div. His center han 
horizontal amplifiers are identical,each having a frequency response from tracts for the Alwac comput 
de to 700 ke (—2 db). Their sensitivities are 50 and 72 millivolts rms per >John L. Dalke, a membx 
inch of deflection. Signal amplitude calibration employs a direct reading Nat iB ; € Standa: 
meter. The time base is operative in either trigger or repetitive modes with - a0as uae 0 gerbe 
a range from ‘-cycle to 50 ke. Synchronization is independent of polarity 1947, has been appointed chicf of the 
Sync. lockout circuits are employed for stable operation over wide range of High Frequency Impedance Stand 
writing speeds and amplitudes. A unique plug-in elliptical sweep network ards Section of the bureau's Boulder. 
makes frequency calibrations more simplified. Power requirements: 105-125 Col laborat > Rad Standard 
volts, 50 to 400 cycles. Accessory probes available; attenuator and amplifier eats eer-taer~ar-i os oe 
types. Div. Earle R. Toense, formerly with 

ACF Electronic joins the Digital 
Circuitry Section of the bureau 


WATERMAN PRODUCTS co., INC. Data Processing Systems Di 


> Bruno Chiappinelli joins Canning 
PHILADELPHIA 25, PA. Sisson, & A +. lat consultant I 
Py ; > 4 IVSOcCk ( Oli i i All 
CABLE ADDRESS; POKETSCOPE MANUFACTURERS OF | 
automatic data processing and produ 
PANELSCOPE* tion control systems, to design busi 
$-4-C SAR PULSESCOPE’ 
$-5-C LAB PULSESCOPE® ness systems incorporating clectroni 
5-11-A INDUSTRIAL POCKETSCOPE® equipment He has had , 
5-12-8 JANined RAKSCOPE perience along thes« 
$-12-€ SYSTEMS RAKSCOPE* 
$-14-A HIGH GAIN POCKETSCOPE’ 
5-14.8 WIDE BAND POCKETSCOPE® application and engineer, and 
$-14-€ COMPUTER POCKETSCOPE® with Hughes Aircraft Co. as busing 
$-15-& TWIN TUBE POCKETSCOPE® systems analyst 
RAYONIC’ Cathe y Tubes , } o 1 pavroll 
end Other Associated Equipment group that programmed | ron pro 


| 
WATERMAN PRODUCTS “ym. ane cedures for 1 computer 


troData Corp., as digita ymputer 


ind co-director ot } 
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(nel as 
asro"™* 
r* 


lf fluctuating supply voltage is your problem 


current Sola literature may aid you 


THEORY OF DESIGN AND OPERATION, THE SOLA CV PRINCIPLE 
NO. CV-210) Technical monograph for electrical engi 
neers and others interested in the underlying electro-mag 
netic relations of the Sola Constant Voltage Principle. It 
contains schematic diagrams, vector diagrams, performance 
curves, and photographs illustrating typical assemblies 


COMPLETE CATALOG BULLETIN (NO. CV-200) , Electrical 
and mechanical specifications for all stock sizes of the five 
general types of Sola Constant Voltage Transformers and 
general information on special design service. Also describes 
typical applications, and gives technical data useful in 
making a proper selection of size and type. Helpful to 
design and specification engineers, draftsmen, and electrical 
technicians 


CONSTANT VOLTAGE DC POWER SUPPLIES (NO. CV-235) 
Operational data, including charts and diagrams, on new 
Sola Constant Voltage DC Power Supply assemblies for 
computing and telemetering equipment, and other applica 
tions involving intermittent or pulse loading and/or high 
amperage requirements. Models available from stock 
typical assemblies design-and-assembly service 


SOLA 


Constant Voltage 


TRANSFORMERS 


Sola Electric Co., 4633 


Gentlemen 
Please send me the lit 
erature | hove checked 
below 
cv-210 (v.17) 
CV.200 (v.172 
(¥.235 (v.173 
CV SPECIALS (v-174 
(v-1700 | 175 


iin) 


SPECIAL DESIGN SERVICE FOLDER. Outlines the various ways 
in which the basic CV types and sizes can be modified on 
order to meet the exact requirements of an application as 
a component of a manufacturer's product, Special voltages 
or frequencies special structure multiple outputs 
Also lists representative special designs available on 
assemble-to-order” basis 


CONDENSED CATALOG CIRCULAR (NO. CV-170D) Complete 
listing of stock items by volt-ampere rating, input and 
output voltages, structure type, and catalog number. Handy 
for purchasing departments, stockmen, and field salesmen 


OPERATING AND SERVICE MANUALS (NOS. CV-171 to 175 ine!) 

Information booklets on installation, service, and repair 
In addition, they include valuable operating and engineer 
ing data that has proved helpful in getting maximum results 
under various power system and loading conditions. Manual 
No. 171 treats Standard Type CV; No. 172, Harmonic 
Neutralized Type CVH; No. 173, Adjustable AC Power 
Supply Type CVL; No. 174, Plate and Filament Power 
Supply Type CVE; and No. 175, Constant Voltage Trans 
former for Television Receivers 


LITERATURE REQUEST COUPON 


West 16th Street, Chicago 
Name 

Title ‘Dept 

Company 


Address 








SELF ALIGNING SHAFT 
linear motion 
potentiometers 


BOURNS 
Ta) 
IGN-0-POT 


highly reliable 
despite misalignment. 
of actuating member 


Here is a far-reaching advance in linear 


motion design. This unit allows for misalign- | 


ment between the instrument and actuator — 
eliminating shaft side loads. With no align- 
ment needed, the unit is mounted and 
installed quickly...is easily designed into 
a system. 

To insure low noise characteristics under 
extreme vibration, the ALIGN-O-POT wiper 
assembly is supported throughout its entire 
travel by parallel guide rods. This provides 
continuous support directly at the point of 
contact... multiple contacts are used to 
further increase the reliability. 

The ALIGN-O-POT has a Stainless steel case 

, + 5 and a flexible cable with plug connector. 
r) Standard travels are available from 42” to 
644". Other travels can be provided up 


t? - to 36”. The ALIGN-O-POT is fully 
| i ' () Vi a i tooled and in production. 
' 


high performance 


under environmental 


extremes 


The LINIOMETER has a bushing-supported shaft and 
the same highly reliable internal construction as 
the ALIGN-O-POT—for use where the self-aligning 
feature is not applicable. Small cross-section and 
optional mounting configurations are added fea- 
tures of these units. Available in standard travels 
from ¥2" to 64%". 


the complete line of linear motion potentiometers 


Bourns offers a wide selection of standard instruments for any need 
from Ye" to 36” travels —all built for maximum reliability and optimum 
performance, Bourns will work with you on special requirements 


Write for technical literature. 


*rmaOk MARK 


QURNS LABORATORIES 


General Offices: 6135 Magnolia Avenue 
Riverside, California 
Plants: Riverside, California—Ames, lowa 
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WHAT’S NEW 


All Around the 
Business Loop 


P A proposal to trade all of Electro- 
Data Corp.’s 325,000 shares of com 
mon stock for half that number of 
Burroughs Corp. stock goes to Electro 
Data’s stockholders this month. Their 
ipproval would combine the two com 
panics and “provide a happy solution 
to ElectroData’s continued growth 
problems”, in the words of Philip S 
| ogg, president of ElectroData 
parent, Consolidated Electrodynamics 
Corp. 

[he proposal, made to Consoli 
dated’s officers at a special board meet 
ing in March, involve 6 per cent 
of ElectroData’s outstanding portfolio 
It followed an announcement by Fogg 
and John S. Coleman, president of 
Burroughs, in which Fogg said that 
the “best interests” of all three com 
panies, Consolidated, ElectroData, and 
Burroughs, would be served, and that 

it is Consolidated’s present intention 
to hold the Burroughs shares for in 
vestment purposes.” 

I'hese shares have a present market 
value of nearly $6 million, while thos 
to be surrendered by ElectroData hav 
been put at $1 million ogg pr 
dicted Consolidated’s earnings will be 
increased by as much as 17 cents 
per share on the basis of current 
Burroughs dividend payment 

KlectroData, he said ha exper! 
enced tremendous growth in two yeat 
of corporate life—in response to grow 
ing general management interest in 
digital computers and particularly in 
increasing demands for its medium 
priced Datatron computer but “in 
order to compete successfully with th 
many strong competitors, now in or 
about to enter the computer field, it 
appears necessary to add both high 
and low-priced systems and additional 
iccessories to the compan line 
[he proposed combination with Bur 
roughs is epected to accomplish thi 

“Capital requirements for research 
and development, plant expansion 
working capital, ind particularly for 
financing leased computer tem 
he declared, ‘“‘will increase greatly in 
the years immediately ahead. Although 
ElectroData has arranged for a $4.4 
million revolving fund to finance lea 
ing business, which presently account 
for two-thirds of all orders received 
1957 lease-financing requirements 
alone are estimated at $9 million 
P it’s probably news to no one by 
now, but just for the record, West- 
inghouse Electric Corp.’s 156-day 





Electro-Snap Switches Can Be Adapted to Almost 
Any Job — Quickly, Easily, Economically 


Just choose the Electro-Snap Basic Switch that meets your elec- 
trical requirements, add the proper actuator — and presto! — 

you have a tailor-made precision switch that exactly fits your 
application. Electro-Snap makes a wide variety of stock actu- 
ators to fit almost any requirement. And our engineering depart- 
ment is at your service if a standard combination “won't fill 


the bill.” 


For prompt action on your switching problems, send us a brief 
description and rough sketch of the switch you need. 


SUB-MINIATURE 


SWITCHES 
TYPE E-4 


$.P.D.T., 1 circuit; 5 


amps, 125/250 v. AC 


Operating force 
150 grams mox. 
Exceptionally 
vibration-resistant. 
Special model E4-7 
is stabilized for 

— 65° to + 350° 
F. operation. 


Write for 
Data Sheet EW-5 


TYPE S SWITCHES 


Series $1 


S.P.D.T., 2 circuit; 10 amps, 125/ 
250 v. AC/ 30 v. DC. Ind. Screw 
or solder terminals on ends or one 
side of switch. Also available 
with reset button at bottom of 
switch or in Type $-100 Make- 
Before-Break Series where switch 
completes a new circuit before 
interrupting old one. 


Write for 
Data Sheet STW-5 


Write for 
Data Sheet DW-5 


DOUBLE-POLE 
SIMULTANEOUS ACTION 


TYPE D-8 


D.P.D.T., 4 Circuit 

15 amps, 125/250 v. AC. 

10 amps, 30 v. DC Ind. 

Eight terminals and four separate cir- 
cuits which operate simultaneously per- 
mit switch to reverse 3-phase moters, 
replace expensive relays, etc. 


on EE a 


RO-SNAP SWITCH & MFG. CO. 4220 West Loke Street, Chicage 24, Illinois £ 








Extension Leof 
Actvotor 


Push Button Toggle Actuator 
Actuator (Momentary or 
Constant 
Contact) 


Extension 
Leaf Actvoter 


Roller Lever Roller Actvoter 


Actuator 


Toggle Actuator 
(momentary or 
constont contact) 


Extension 
Leof Actuator 


Roller Lever 


Roller Leof 
Actvetor 


Actvator 


Push Button Actvetors 


leef Actuotor 





(Veriovs button sizes eveileble) 


om 


Roller Leof Actvoter 
Double Toggle 
Actuator 


Ganged Interlock 


Push Button Actuetors 
(Voriovs button sizes evoilable) 


—— 


Special Push Button 
Actvoter designed fer 
fire control system 


HERMETICALLY-SEALED 
DOUBLE-POLE SWITCH 


Write for 
Data Sheet NJW-5 


——e.. 


Type 12-4 Teggie Actveter 
fer 12-4 


0.P.0.7., 4 cireult 10 amps, 125/ 
250 v. AC/30 v. OC 


ys 


MANUFACTURERS OF A COMPLETE LINE OF PRECISION SWITCHES FOR INDUSTRY AND AVIATION L 





Potentiometer type 
transducers for use 
at temperatures be- 
tween — 60° C. and 
+ 120° C. 





e ALTITUDE 


e. AIR SPEED Designs available 


@ ACCELERATION permit single or mul- 
tiple range linear 
output from 
non-linear input 
function, and 
operation over 


@ PRESSURE 


SWITCHING wide ranges of envir- 


onmental conditions. 
CONTROL 


Designs available for 
operation to 160° C. 


Special instruments 





for use with corro- 
sive oxidants and 
fuels are available. 


Specifications available on request. 





INSTRUMENTS, INC. 
|2 WEST BROADWAY 
NEW YORK 7,N. Y. 
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bloody dispute with the International 
Union of Electrical Workers (AFI 
CIO) is over Ihe score was: West 
inghouse, a five-year contract with the 
IU make 
tudies into daywork production jobs 
IU, arbi 
et production standards, 
benefits, 
increases of 3 per cent in each 
of the first three years of the contract 
ind 34 per cent in the last two 

holder of 


and permission to tin 
involving direct labor; the 
tration on 


liberalized 


Insurance and 


wage 


> Promising bachelor 


PLANTS A-BUILDING 


St 4 rr. ; 
tA & ; 
sa 


Beckman settlement in Costa Mesa, Calif 


degrees m 
tudy program will 
they're 


istant 


graduate 
bi the 
inv other research a 


colleges 
receive a monthly salar 
$240, plu 
and book 
master’s degree at 

MI Present 

Raytheon, or undergraduate 
template — be 


allowance . wh 
for i 


\ ird Or 


Coming 


ipply, but all must have bee 


five buildings for its growing 


cience ind cng 


vho enter Raytheon Mfg. Co.’s new 
full tuition in 


CInplo ( 


nin the 


Ps 


Arga Div 


Item in an overhauling: a new headquarters for Richardson Scale in Clifton, N 





WEATHERHEAD 


+. First in Components for Hydraulic Systems 





5 TYPES OF INDUSTRIAL HOSE for low, medium, medium-high 
and high pressure applications; available in complete size ranges; 
suited for any service condition. 

REUSABLE HOSE ENDS for fast assembly and positive, leakproof 
connections. Rugged construction that cuts costs through re 
peated use. Designed to insure maximum flow. Only Weatherhead 
gives you fittings with extra-long gripping area for dependable 
performance under high pressures. 

ERMETO® fittings in steel and stainless steel for leakproof seals 
without flaring, threading or welding. Withstand shock loads, 
vibration and impulse at highest pressures. Ermeto connections 


can be uncoupled and reassembled time after time. 


ERMETO REUSABLE HOSE ENDS for connecting hose assemblies 
directly to block; available from stock in standard sizes. 
Specified by major diesel manufacturers for high pressure fuel 
injection lines. 

37° FLARED STEEL FITTINGS conform fully to J. I. C. standards. 
Available in all types and sizes with tube or dry seal pipe 
thread outlet. 

BRASS FITTINGS S.A.E. 45° flare, compression, inverted flare, 
double compression (threaded sleeve), are machined from extruded 
stock, giving strength equal to forgings Large, flat wrench pads 
provide easy gripping for fast assembly, even in hard-to-reach 
places. 


CLAMP-TYPE REUSABLE HOSE ENDS for all two-wire braid high 
pressure hydraulic hose applications. No skiving of hose or 
special tools required. Cadmium-plated, malleable cast iron ends 
available in sizes 4", %”, Vy”, 44”, 1”, 1%", 142” and 2 


6 ? . 


WEATHERHEAD FIELD ENGINEERS are readily available to help 
you gain the advantages of this complete, dependable line 
Weatherhead Catalogs provide complete data on products and ap 
plications. W rite: The Weatherhead Company, Ds pt. A-1, 128 West 
Washington Blvd., Fort Wayne, Indiana. 


8 cpr 4M» WEATHERHEAD 


HYDRAULIC HOSE AND FITTING LINE. 


Available coast-to-coast through THE WEATHERHEAD CO., FORT WAYNE DIV 
Weatherhead distributors. Dept. AC-5, 128 West Washington Bivd., Fort Wayne, 


in Canede: The Weatherhead Co., Lid., Sf. Themes, 


FIRST IN HYDRAULIC CONNECTIONS 


ISION 
Indiana 
Onterle 





Lepel 
HIGH FREQUENCY 


Myc 
Yin, “6 lion 


HEATING 


The Lepel line of induction heat- 
ing units represents the most advanced 
F/ thought in the field of electronics as well as 
the most practical and efficient source of heat yet 
developed for industrial heating. With a background of half 
a century of electrical and metallurgical experience, the name Lepel 
has become the symbol for quality in induction heating equipment 
embodying the highest standards of engineering achievement, dependable 
low cost operation and safety. 


if you are interested in the application of induction heating you are invited 
to send samples of the work with specifications of the operations te be 
performed. Our engineers will process these samples and return the com- 
pleted job with full data and recommendations without any cost or obligation. 


TYPICAL INDUCTION HEATING APPLICATIONS 


The illustration shows a lens grinding 
block being heated within the dome- 
shaped work coil. The heat. generated 
in the metal block softens the pitch 
enabling the operator to remove the 
ground lenses and insert the next 
batch. The entire operation is com- 
pleted in a few seconds. 


A widely used application in which sev 
eral assemblies, consisting of a brass 
body, six radiator fins and a mounting 
stud, are being soldered simultane- 
ously. The production of similar parts 
can be further increased by using two 
work coils and a change-over switch. 


Electronic Tube Generators—1 KW; 2)2KW; 
5 KW; 10 KW; 20 KW; 30 KW; 50 KW; 75 KW; 100 KW. 
Spark Gap Converters 2 KW; 4 KW; 7% KW; 15 KW; 30 KW. 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages packed 


with valuable informati 





All Lepe!l equipment is certified 
fo comply with the requirements 
of the Federal Communications 
Commission. 











LEPEL HIGH FREQUENCY LABORATORIES, INC. 


' STREET nd th AVENUE Wor re NEW YOR! TY, N Y¥ 
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upper portion of their graduating 
classes, and must be US. citizens 
and under 30 at the time they enter 
the program The man to write to 
for more info is Ratheon’s Dr. Ivan 
A. Getting, vice-president for engi 
neering and research 

> The Navy has put in an order for 
Servo Corp. of America’s Dead Rech 
oning Tracer, an air navigation system 
involving a computer and plotting 
board. ‘The system, which gives a 
navigator continuous and instantane 
ous position readings, is designed to 
operate over a latitude covering 98 
per cent of the earth’s surface. Amount 
of contract: $1,111,925 

© Under a $3-million contract with 
General Electric, United Shoe Ma- 
chinery Corp. will develop, build, and 
test reactor components for the Knolls 
Atomic Power Laboratory, which GE 
operates for the AEC In charge of 
the project is the Atomic Power Dept. 
of United Shoe’s Research Div., whos« 
testing laboratory in Beverly, Ma: 
is said to be the first private facility 
of its kind in the country United 
Shoe’s announcement, dated March 
13, may or may not be a follow-up 
to one dated Jan. 10, in which it 
said it had opened a new research 
unit in Dayton, O., to be coordinated 
with its principal laboratories in 
Beverly Ihe pt pose of the new 
unit, to be staffed by physicists and 
electronic and mechanical engincers 
was not divulged 

> The overseas office of GI*’s Research 
Laboratory now has a permanent ad 
dress. It’s Pelikanstrasse 37, Zurich 
1, Switzerland. In charge is Dr 
George J. Szasz, GE’s first scientifi 
representative abroad, and assisting 
him is Victor H. Fraenckel, consult 
ant on scientific relations and director 
of the company’s FEuropean-liaison 
program 

> Battelle Institute, which has been 
making studies into the cause and 
frequency of failure of electronic com 
ponents and systems, has established 
an Electronic Reliability Div. at 
Columbus, O., to observe the effect 
on performance of such factors a 
high altitude, severe shock, humid o1 
dry atmospheres, extreme tempera 
tures, and acceleration lhe com 
ponents’ reactions to sand, dust, and 
salt-spray will also be studied 

> General Controls Co.’s new factors 
branch office in Winnipeg, Can., is 
the last link in a chain of facilities 
designed to speed coast-to-coast di 
tribution of the company product 
in the U.S. and Canada Chere ar 
+2 such offices now in operation, thre 











ar se at THE fe Re Ee sHow 


THEY SAID... WHAT! ONLY $7.50 EACH? 


GUARDIAN S$ 


1% AMPERE CONTACTS FOR 115 VOLTS, NON-INDUCTIVE! 


GUARDIAN ac..o<. STEPPERS 


Only Guardian Stepping Relays offer so much control at such low cost. Write for special 
12-page Stepping Relay Catalog P-84. Compare your most rigid 
specifications listed for: sequence selecting, counting, programming, pulse multi- 
plying, latching, automatic homing, remote homing, pulse dividing, electrical 
resetting, slave and master sets, continuous rotation, add and subtract and 


many other types. See how much you can save by specifying GUARDIAN STEPPERS 


requirements with 


Lute FOR SPECIFIC ENGINEERING RECOMMENDATIONS FOR YOUR APPLICATIONS. 


GUARDIAN WW ELECTRIC 


1623-F W. WALNUT STREET * CHICAGO 12, ILLINOIS 


‘ o@rcit cemt Of COmteeet Cheeta e awe tesetam se eutiear 





KILOWATT 
switching 


on 
MILLIWATT 


Two Sigma relays, while far from the smallest, lightest or 
most sensitive, now provide all or nearly all the answers to switching 
loads in the 1 to 2 KW range on limited amounts of control power. 
By eliminating the need for a pilot and slave relay combination, 
either the Sigma 51 or 61, although perhaps more expensive 


individually, can save in total cost and space. 


The first of these, Series 51, was developed for a photoelectric 
lighting control to switch loads of the order of 10 amperes, 
with an inrush ratio of 10 to 1. Contact arrangement is 
SPST, normally closed, sensitivity 100 milliwatts D.C. 
(3.2 ma, 10,000 ohm coil). Since a coil circuit 
signal failure will close the circuit, Series 


51 also has application in fail-safe alarms 


The Series 61 is a polarized latching 
20 ampere contactor, requiring only 
a momentary 1/4 to 1/2 watt 
signal to latch firmly in 
either of two positions. 
Permanent magnetic 
Series 5! instead of mechanical latching 
forestalls the life-shortening wear 
of triggers and catches. Each “throw” of the ioe ee 
61 opens two circuits and closes two others. It may 
be wired DPDT. When operated not more than once per 
second, Series 61 has a minimum rated life of 100,000 cycles 
on 20 ampere resistive loads at 28 VDC or 115 VAC 
The advantages of such a pulse-operated sensitive 
contactor are apparent in battery-energized 
supervisory control systems, as well as in controls for 
production machinery where contactors must be 


immune to vibration and the effects of wear. 


Further information available on request. 


SIGMA INSTRUMENTS, INC,, 


69 Pearl Street, So. Braintree, Boston 85, Massachusetts 
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of which are in Canada and two in 
British Columbia 

Phe Research & Control Instru- 
ments Div. of North American Philips 
Co. has revised financing and rental 
terms on purchases worth $2,500 to 
$50,000. ‘The finance charge for out 
right purchases is 6 per cent simple 
interest a year, while the rental charge, 
based on cost of equipment plus in 
stallation, is 34 per cent the first 
year, 3 per cent the second, 23 th 
third, 24 the fourth, and 24 the fifth 
and succeeding years. All leases run 
a minimum of 30 years 

> Beckman Instruments, Inc., i 
sponsoring a three-times-a-week radio 
program for engineers in Southern 
California. ‘The 5-min “News for 
Engineers” is prepared by A. X. Schil 
ling, editor-publisher of “Engineer of 
Southern California” and is broadcast 
at 10:15 p.m. over Los Angeles station 
KFI. Beckman’s Arga Div. has put 
chased the entire mechanical and 
electro-mechanical line of Belock In 
strument Corp. The line includ 

high-speed magnetic clutches, servo 
motor gear heads, limit stops, dial a 

semblies, and remote control posi 
tioners. 

> Users of Benson-Lehner’s data reduc 

tion machines can choose one of two 
world-wide servicing programs recenth 
inaugurated by the Los Angeles com 
pany One, purchased at a fixed 
annual rate, pays for all expenses ex 
ceeding 7 per cent of an installation 
and covers maintenance visit , Saueon 
gency calls, and parts and materials 
Ihe other, a time and material con 
tract, provides regular service plus 
any additional calls. A service-contro] 
plotting board puts B-L in touch with 
every one of its installation 

P The Missile Engineering Dept. of 
Allen B. Du Mont Laboratories, Inc., 
is being transferred from Clifton, N. J 
(CtE, March, p. 32) to new head 
quarters in Los Angel Melvin B 
Kline, formerly manager of govern 
ment and special project engineering 
for the Technical Products Div., ha 
been promoted to manager of th 
missile department 

> The Gamewell Co, has expanded 
its Engineering & Development Dept. 
under Fred Vacha, potentiometer 
engineering manager; organized a nev 
Prototype Dept. in its Precision Poten- 
tiometer Div. under Allen Graybeal 
appointed Charles J. Manning, form 
erly special products manager, manager 
of potentiometer field engineering 
and named John T. Bales, former sal 

enginecr, sales manager for PPD. 

>» Under a new corporate setup, opera 





KAY LAB 


DC DECADE AMPLIFIER-— 


19) 
TYPICAL st aBiLity Recor 


HiGGh INI 


EXTREMELY LOW NOISE 


10 ACCURATE GAIN RANGES 
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INSENSITIVE 
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TO OUTPUT LOAD IMPEDANCE CHANGES 


> D PLUG-IN MODULE 
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HIGH LEVEL OUTPUT LEVEL 25 VOLTS 














KAY LAB STABILITY 


WiTH CHOPPE 
Re pre sentatives in all maj or ¢ fre 


5725 KEARNEY VILLA ROAD 


* SAN DIEGO 12, CALIFORNIA + BROWNING 7-6700 
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up 10 100 K 


PRECISION 
POTENTIOMETERS 


Now You Can specify a Waters pot for your miniaturized designs 
that require 50K and 100K potentiometers. In the reliability-proved 
construction of the AP-2, these new, higher values give you: 

® Resistances — 10 ohms to 100 kilohms 

® Ganging — up to four units 

© Three mounting styles — plain-bushing, 
split-bushing, or servo 

® Three terminal styles — radial, axial, or wire-lead 

® Automation models — for printed circuits 

e Encapsulated designs available 


General specifications: Centerless-ground, stainless-steel shaft can 
be sealed with O-ring; gold-plated, fork-type terminals; 2% standard 
linearity for SOK and 100K 5% for lower values, temperature 
range —55 to + 105C, to 125C on order; 2 watts at 80C; anodized 
aluminum body 42” diameter v2” long — %” long for 100K; 
corrosion-resistant-alloy bushing; all electrical connections spot- 
welded or soldered; furnished with stops or for continuous rotation. 


Write for data sheet on these dependable 2” potentiometers 
Do you ever need pots that are “just a bit different''? May- 
be we can help you — by modifying a standard Waters 
design or by taking a bold, new approach. Tell us your 
need and we'll tell you what we can do. 


WAT ERS _rentes nei 


ENGINELRIN , PRIN 
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tions of Electro ‘Tec Corp d 
two divisions, Electro ‘Tec of Florida, 
Inc., a subsidiary, and Instrument 
Corp. of America, have been consoli 
dated At the same time, faciliti 
in Florida, Virginia, and N Jerse 
lectro 
lec credits “an unprecedented d 


have undergone expansion | 


p nng ind 
commutator assemblies with the move. 
> Farrand Optical Co., Inc. hia formed 
Farrand Controls, Inc., to take over 
manufacture and distribution of the 
former's Inductosyn automati itro 
equipment 

Around the construction circuit 

P A $2-million plant for Beckman In 
strument’s Helipot Div. in Newpo 
Beach, Calif., to consolidate 
Helipot’s widespread Sout 

fornia facilities Completi 


for late next fall. Expected | 
2,000. Initial building il] 
more than 15,000 sq ft of fl 
Some function vill 
Mountainside, N. J 

Can 

P Five building 
Costa Me sa, Calif to 
Beckman’s Arga Div., why empl 
ees have increased in cight month 
from 68 to about 200. ‘The first Arga 
contingent goes to Costa Mesa in 
July. 

Pm Another for IBM (Ctl April 
p. 35), this one for it World Trade 
Corp., which handles all IBM _ busi 
ness outside the U. S. ‘The eleven 
tory building, to rise up on United 
Nations Plaza in New York Cit 

b« completed at vears end 

PA 22,000-sq-ft, multipl 
development in Concord, ¢ 

house Donner Scientific Co.'s 
neering laboratoric 


mand’ for its precision shi 


nmod it 


manutacturing 
facilities, and administrati office 
ill now in Berkeley, Calif. Initial 
cost: $250,000. Completion hed 
uled for June. 

> Surface-barrier transist facil 
tics in Concord, N. H., for Sprague 
Electric Co. (Ctl March, p. ; 
The 20,000-sq-ft plant, Spragu 
twelfth for the manufacture of el 
tronic components, will open next fall 
with about 200 employ General 
manager will be Jesse Ault, former! 
with General Electric Co. 

PA guided-missile development cen 
ter in Denver for Glenn L. Mar- 
tin Co. (Ctk, April, p . About 
$10 million is going int 

phase of the project, wh 

ploy 5,000 at peak pros 

pected in four yea 

of them will be scienti 

manager is Albert L. Va 





ASVO 


the one source for : 
ELECTROMAGNETIC CONTROLS | 


that offers engineers 
complete design flexibility 


When designing equipment requiring electromagnetic 
controls, many engineers have found it saves them money 
if they first talk with an ASCO engineer before specifying 
solenoids, contactors or relays. His advice will help you 
cut initial cost, improve your final product and simplify 
automatic control. 


106876 
Fuel throttle control. 
Stroke up to 1%” 


ee 


Most important, the ASCO representative can recom 
mend not only standard and special purpose controls, but 
can also offer the development services of ASCO, the one 
source that offers engineers complete design flexibility 
His knowledge will allow your imagination free rein 


ee eee De De OD em eR me 





Reverse Current Brake Motor Time Delay Close Differential 
unshackle you from the limits of designing with only - 


conventional controls in mind ' ; 
Why not have an ASCO engineer call or write 
outlining your problem. We shall be happy to assist you 
Coil-less 


COMPLETE CONTROL PANELS 


Electronic 


MAGNETICALLY HELD RELAYS 


=|} HE 


eee 


1256-168S—AC 255—AC-0C 1255-166S—AC 
‘2to 12 Poles, 10 Amp. | to 6 Poles, 25 Amp. 


oa Z a4 WRITE US FOR MORE DETAILED INFORMATION OW ASCO 
COnTAcTORS ELECTROMAGNETIC CONTROL EQUIPMENT 


4 


eT | 
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Notable 


Achievements 


MISSILE GUIDANCE AND CONTROL...In applying advanced 
servo and noise-theory techniques to missile control systems, JPL has 
led and advanced the field of missile guidance 

Among specific achievements are the application of Wiener RMS 
methods to multiple-input, multiple-loop servos, and matching missile 


trajectory to missile control transfer function for optimum accuracy 


Research in Guided Missile Technology 


JPL JOB OPPORTUNITIES ARE 


WAITING FOR YOU TODAY { 
in these fields 


RADIO GUIDANCE 
MICROWAVES 
SYSTEMS ANALYSIS 
GUIDANCE ANALYSIS 
APPLIED PHYSICS 
ELECTRO MECHANICAL 
INSTRUMENTATION 
INERTIAL GUIDANCE 
TELEMETERING 
PACKAGING 
MECHANICAL ENGINEERING 





CALTECH 


CONTROL ENGINEERING 


The Jet Propulsion Laboratory is an organization devoted entirely 
to scientific research and development. Covering an 80 acre area in the 
rising foothills of the San Gabriel mountains, north of Pasadena, it 
occupies an ideal location close to residential districts. 

The working staff of the Laboratory consists of about 1250 people 
all employed by the California Institute of Technology. The various proj 
ects are conducted under continuing contracts with the U.S. Government 

The prime objective of JPL is obtaining basic information in the 
various sciences related to missile systems development and in all phases 
of jet propulsion. Underlying the entire Laboratory activity, a major 
continuous program of fundamental research in the physical sciences is 
constantly in progress 

In its missile system and jet propulsion undertakings, the Labora 
tory maintains a broad technical responsibility, from basic research to 
prototype engineering. By virtue of this and the integrated nature of 
the JPL technical staff, each individual is drawn into close contact with 
the general field to which his specialized technical abilities contribute 
the most. 

If you are interested in knowing more about our work and the 
specific employment opportunities now open, please send us an outline 
of your technical background and experience. 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 





RCA ELECTRON TUBES IN INDUSTRY 


hee 


always use 











RCA TYPE eh DESCRIPTION 
meat OA2—-n oe Voltage Regulator Types 
. ° , ‘ 4 ours pase f egulation of de volt 
At the heart of industrial-electronics equipment OA3—octalG-pinbase =| agg 


supplies for molif 
O82 —miniature 7-pint Pr es for ampiit 


tors, etc. Also 
n be used as relaxation 


OC3~— octal 6-pin base 
nba 
b stors 


are electron tubes. The continuous operation of many 003 octal 6 


° . . . e@ OA2 and O82 but hav 
industrial production lines depends on the performance of ee characte 


very stable character 
and intended for 


" viniature pi € applications critical to 
these tubes—thyratrons for “on-off” operations, voltage- hock tion 


k and vibration 


regulator tubes for de voltage stability. oie einitie Raia were 


use where on-off" 
flow current elec 
cal circuits required 


‘ , Thyratron Types 
RCA...world renowned for advanced-design superior- 2021-miniature 7-pin bas marily intended | fo 
2050 — octal 8-pin base high-sensitiv ' ) 


quality electron tubes...offers a group of Thyratron and —~ 


Voltage-Regulator tube types specifically designed for 











: : . PTRIT-104—Receiving-Type Tubes for Industry ond Commu- 
dependable control of industrial-electronic apparatus. Shown sleations.. contains o9-to-dete date on 190 BCA sesstviag 
; 2 10-1020-A—8CA Interchangeability Directory of Indus- 

here are 10 of the RCA types most frequently specified. iriel-Type Blectren Tubes...time saving information. Liote la 
dustrial tubes of 26 manufacturers and gives RCA direct re 

plocement types or PCA sin types, whichever is available 

Write: RCA, Commercial Eng © E547, Harrison, NM. J 


TUBES FOR INDUSTRIAL-ELECTRONICS | ™™ 


COMPAD 
Radio Corporation of America, Harrison, N.J IMPANY 
® 


ALWAYS REPLACE WITH RCA ELECTRON TUBES—AVAILABLE THROUGH YOUR 
LOCAL RCA DISTRIBUTOR. FOR FASTEST SERVICE, CONTACT HIM DIRECTLY. 


8 aun Gb > Gh Gb Oe Ge eh een 


MAY 1956 


_ 
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-.. But Not 
Rapid Enough 


THE SHORTAGE OF 
SCIENTISTS AND ENGINEERS: 


How Critical Is It? 





The United States is running into a serious shortage of scientists and engi- 
neers. There is no novelty in this observation. It has often been made in the 
last few years. And there has been mounting alarm about what this shortage 
may mean for both our national security and our prosperity. 

There would be great novelty, however, if general agreement were attained 
on such important matters as the size of the shortage, the extent of the dam 
age it threatens to inflict, and the best ways to eliminate it. The purpose of 
these editorials is not to provide this novelty, but to ventilate some of the 
key aspects of the shortage of scientists and engineers. 

Ihis first editorial in the series is designed to throw light on the over-all 
dimensions of the shortage, Others will be addressed to such questions as: 


@ How serious is the threat to our economic well-being and to our national 
security? 


@ Whiat needs to be done to prevent the shortage from becoming critical? 


The problem is not that we have been producing a small number of 
engineers and scientists. Indeed, the number has risen sharply. We now have 
a working force of more than 600,000 engineers, over twice as many as the 
286,000 there were in 1940. And we have about 250,000 scientists (chemists, 
physicists, biologists, geologists, mathematicians, etc.), compared to only 
9? 000 in 1940. About one in 148 persons in the labor force of 1940 was a 
scientist or engineer; today the ratio is about one in every 80. 

In research and development work, where highly creative scientific minds 
are required, there has been fully as rapid a rise in employment of scientists 
and engineers. Fewer than 90,000 were employed in research and develop 
ment filteen years ago; the total now exceeds 200,000. 


Despite this rapid increase in the number of scientists and engineers — 
at a rate much faster than the increase in the labor force as a whole — the 
needs of industry, government and education for technically trained people 
have risen even more sharply. 

Phe principal reason for this mounting demand is the prodigious growth 
of research in the last 15 years. From a total of only about $900 million spent 
on all types of research in 1941, the annual expenditure rose to over $5 bil 
lion by 1953 (the latest estimate available). Over two-thirds of the research 
is done by private industry, mostly to develop new and better products and 
to find new and better methods of production. Most of the rest is performed 
by the government, largely to develop improved and inevitably more com 
plex scientific weapons. 

One aircraft company has found from its own experience that it required 
17,000 engineering manhours to develop a typical fighter plane in 1940. 
Che requirement is now about 1.4 million engineering manhours. Develop 
ment of the typical fighter plane of 1960 will require well over 2 million 
engineering manhours. 

In this dramatic example, the need for engineering services for a basic 
piece of military equipment soared 80 times in 15 years. It is an indication 
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Size of the 
Shortage 


More Needed 
as Teachers 


of why the demand for more and more technically trained men and women 
has outstripped even the imposing increase in scientific and engineering 
manpower of the last decade and a half. 


Exactly how great the gap is between the available supply of scientists and 
engineers and the number required, it is impossible to say. In some instances 
technical talent undoubtedly could be better used than it is now, And part 
of the shortage might “disappear” if higher salaries had to be paid. (1 hese 
questions will be discussed in later editorials.) But informed estimates of 
the approximate size of the gap can be given 


@ According to the best available information, from estimates by the Engi 
neers’ Joint Council and the U. 8. Bureau of Labor Statistics, the minimum 
need for engineers from graduating classes is 40,000 each year for the next 
ten years. Last year we graduated only 23,000 engineers, just about enough 
to cover replacement needs without allowing for any expansion of the num 
ber of active engineers. Projections made by the U. 8. Office of Education 
indicate that we shall probably not have a class of 40,000 —the current an 
nual requirement — until 1963 


@® According to Dr. Howard Meyerhoff, executive director of the Screntity 
Manpower Commission, there is now a shortage of about 20,000 scientists. 
Last year the number of doctoral degrees in the natural sciences, almost a 
prerequisite for research work, was only 5,000, Dr, Meyerhotf estimates that 
the shortage of scientists will rise another 30,000 by 1960, 


Not all of the graduates with scientific and engineering training, further 
more, will work as scientists and engineers — that is, by performing research 
and giving it practical application, Such training is how necessary in many 
sales and management positions. And more of our technically trained men 
and women must remain in educational institutions as teachers if the quality 
of engineering and scientific education is to be maintained. A survey in 
1954-55 by the National Education Association showed that, out of 277 
universities, state colleges and large private colleges, nearly one-third already 
had unfilled vacancies in engineering and three-fourths had vacancies in phys 
ical sciences 

The dimensions of the shortage of scientists and eneimeers can be sum 
marized as follows: Despite a substantial rise in the trained manpower 
available, the needs of industry, the government and education have risen 
still faster. The best information indicates that, on the basis of current and 
anticipated needs, our recent yearly rates of production of slightly over 
20,000 engineers and about 5,000 PhD’s in natural sciences could be doubled 
without closing the gap entirely. 

Che disturbing implications of this shortage for our national security and 
our prosperity and some practical suggestions for eliminating it will be the 
subjects of subsequent editorials in this series. 
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MICROANMETER 
MILLIVOLTMETER 


RECORDER 


PERFORMs G 


ESSENTIAL FUNCTIONS 


Measures low-level de signals with calibration accuracy 


within 0.5%, and sensitivity within 0.2% of span. 
Records on 3” continuous strip chart or IBM-type card 


chart, with linear coordinates, 


Positions recording pen with foree many thousand 
times greater than usual direct-deflection electrical 
movements, 

Operates on force-balance principle compensating for 
ambient conditions, changes in power supply and com- 
ponents, 

Gives high-speed recording - 
63% of fullseale changes. 


up to 0.05 seconds for 


Provides span and zero adjustments for ease of calibra- 
tion and zero suppression in the field, without special 
equipment. 


‘American-Microsen’ Series 130 Re- 
corder is a highly sensitive microammeter or 


The new 


millivoltmeter that gives positive, accurate elec- 
trical measurement and rugged, maintenance- 
free service. Yet the unit costs less than other 
recorders for the same purpose. 


Heart of the Series 130 Recorder is the “Micro- 


sen” balance that converts low-level dc input 
signals into powerful output current to drive th 
recording pen. Pen position is fed back to the 
input. Consequently, the recording unit is force- 
balanced in precise relationship with the input 
signal. Power is ample to operate alarm contacts 
which are available. 


SPECIFICATIONS 
POWER SUPPLY: 115 volts, 60 cycles. POWER REQUIREMENT: 9 watt 
INPUT RANGES: Voltage — 0-20 millivolts to 0-100 volts de 
microamperes to 0-100 milliamperes dc 
volt 
ACCURACY: + 0.5% 

0.25 of span 

EFFECT OF SUPPLY VOLTAGE: Le 
EFFECT OF AMBIENT TEMPERATURE: Les 
and less than 1% to 130 
RESPONSE TIME: Fast Speed . 0.2 seconds standard for 63 ff 


input change; up to 0.05 seconds for 63 on special order. Slow Speed 
approximately 4 times fast speed setting 


SHOCK RESISTANCE: Withstands shock up te 


CHART SPEEDS: Strip Chart l 
able. Card Chart 


SPAN ADJUSTMENT: + 10% of span 
PRICE: $250.00 consumer net for stan 


Current 
input Sensitivity — 67 t 


of span. SENSITIVITY 0.2 of span. REPEATABILITY 


than 0.5 error 90-130 volt 


than 0.5 error 50° t 


40 times gravity 


per hr standard 3” or 6 
1 rotation per day 


per 
tandard 


ZERO ADJUSTMENT: 


lard models 


Write for Bulletin MGIO 


MANNING, MAXWELL & MOORE, INC. 


MAXWELL 
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INDUSTRIAL CONTROLS DIVISION, STRATFORD, CONNECTICUT 


M MAKERS OF ‘AMERICAN-MICROSEN’ ELECTRONIC TRANSMITTERS 
al ELECTRO-PNEUMATIC VALVE POSITIONERS AND ELECTRO-HYDRAULIC 


INDICATORS, RECORDERS, CONTROLLERS 


CONTROL VALVE OPERATORS 





What's your pressure problem’? 


CASH STANDARD 


has the answer... 7 will find one | 


 aslaane 


tar 


HERE ARE FOUR TYPES FOR MANY APPLICATIONS 


TYPE 1000 A streamlined TYPE D A general purpose TYPE 1260 A high capacity TYPE 3381 
high capacity valve for close regulator with exceptional reg pressure regulator, small and 
pressure re lation — accurate ulation characteristics Now well proportioned. Available 
even under toughest working improved to permit easier serv with spheric al, self-« leaning in 
conditions. Closes against the icing but basically the same ner valve. Suitable for air, 
| 


flow. elin inating conditions that dependable valve offered for water, steam, oil and most 


cause chatter. Sizes: 4" to over 35 years. Sizes: 4" to fluids and gases. Sizes: 2” 
2”, screwed ends. Bulletin 962 2 Bulletin 950 Ve", 1", screwed ends. Bulletin 


5-700 


Thene’s a Cash Standard regulator 


for every pressure control protien, / 


A. W. CASH COMPANY, P.O. Box 5° ecatur, Illinois 


For an individual solution to yo nt proble ntact the 
Cash Standard control specialist ir jr area, or write Dept. A 
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TYPE 50C, LEFT 
TYPE 50, RIGHT 
240 TO 800 CY. 


Introduced here are miniature versions of our popular 
Type 2003. They have equivalent accuracy but are 
much smaller, lighter and have fewer component parts. 
In the Type 50, all critical components are housed within 
the fork container. 


Both the Types 50 and 50C offer superior shock resis- 
tance, up to 60 G. Hermetically sealed and shielded. 


When requesting information, please state type number. 


eee 








FREQUENCY STANDARDS m AND PRECISION FORKS 


PICTURED AT LEFT, ABOVE 


TYPE 500 SPECIFICATIONS 


SIZE....24%4," x 2” x 4%” high. WEIGHT....8 ozs. 
ACCURACY ..c.02% from —65° to 85°C 
OUTPUT is ... 5V into 250,000 ohms 
TYPE R50C Same as Type 50C with 

accuracy of + .002% from 15° to 35°C 


PICTURED AT RIGHT, ABOVE 


TYPE 50 SPECIFICATIONS 


SIZE....1” dia. x 3%” high. WEIGHT....3.5 ozs. 
ACCURACY +.02% from —65° to 85°C 
OUTPUT.... 5V into 250,000 ohms 
TYPE R50.......................... Same as Type 50 with 

accuracy of +.002% from 15° to 35°C 





For 17 years this company has produced precision 
frequency standards for integration in highly accu- 
rate instruments and timing devices of our own and 
other manufacture. We make frequency standards 
within a range of 30 to 30,000 cycles, a field in 


which we offer maximum accuracy, simplicity and 
durability. Our products are now serving in many 
and varied applications—in industry, government 
(including the armed services, particularly in the 
field of aviation) and for laboratory uses. 


if YOU HAVE A FREQUENCY PROBLEM AND WILL DESCRIBE IT, WE SHALL BE 
PLEASED TO SUBMIT OUR RECOMMENDATION TOGETHER WITH PRICE QUOTATION 


American Time Products, Ine. 


580 Fifth Avenue 


New York 36,N. Y. 


OPERATING UNDER PATENTS OF WESTERN ELECTRIC COMPANY 
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ask about dap CS watiee oprooch 


TO BETTER WIRING 


ore 
Confidence... 
Lass 
Expense 


with 








Taper Technique 


A-MP Taper Pins, Taper Bloks, Taper Tips, 


Taper Tabs and Taper Tab Receptacles 
offer great freedom of circuit design and 
insure maximum electrical stability 

They cut material cost... cut labor cost 

. and reduce assembly time. ‘Taper Tech- 
nique is benefiting manufacturers of business 
machines, aircraft, guided missiles and 
electronic equipment 

You, too, can benefit by the A-MP 7] aper 
Technique. Consult your local A-MP sales- 


man or write to Harrisburg 


Aircraft-Marine Pro 


General Office: Harrisburg, Pa 


A-MP of Canada, Lid., Toronto, Canada ¢ A-MP— Holland N.V., 's-Hertogenbosch, Holland 
Aircraft-Marine Products (G.B.) Ltd., London, England ¢ Societe A-MP de France, Courbevoic, Seine, France 











U.S. NAVY'S NEWEST GUIDED MISSILE 
PACE soon to join the fleet 
of 











Progress 


porter beter 


Fairchild Guided Missiles Division, in 
Wyandanch, Long Island, New York 
selected EAI's Precision Analog Comput- 
ing Equipment. Another example of two 
leading American Companies working 
te ——. together to break the problem barrier. 
pty op yay ke Write Dept. CE-5 for details on the re 
liability, accuracy, and complete flexi- 
bility of EAl's PACE Equipment. We will 
also gladly furnish details on the rental 
of time and computing systems at the 
EAI Computation Center in Princeton, 
New Jersey. 











2 ga cers tne [P]A|Cle] 


LONG GRANCH NEW JERSEY 

















ELECTRONIC 


ASSOCIATES EAI SETS THE P A Cc E 


PRECISION ANALOG COMPUTINGEIEQUIPMEN 
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LONG BRANCH, NEW JERSEY - 
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INDUSTRY’S PULSE 


Control Glimmers 
Inside Latin America 


Were Horace Greeley editing a technical journal today, he'd 
surely advise, “Go south, young man.”” For the 20 republics of 
latin America are bounding into an era of economic growth 
fraught with opportunities as golden as the West's of the 1560's, 
and they're waiting for the adventurous engineer 

I'he potential really shaped up in the past 20 years. Average 
yearly increase in gross national product climbed to a remark 
able 4.7%, with production passing the $40-billion mark in ‘51 
And economists reckon that rising personal income (with 7% 
of the world’s population and 19°% of its usable land) will spur 
capital investments in new industries to an unprecedented 18% 
of the yearly product net 

Control technology and its hardware will obviously bounce 
strongly along with Latin America’s modern industry. How 
much of this technology already exists? Hlow much is domestic 
and how much comes from the U. S. and other countries? 
During the past year foreign offices of the U. S. Department of 
Commerce surveyed local use of control equipment. Reports 
now in, from Bolivia, Venezuela, and Peru, suggest that some 
important control trends already exist inside Latin America 


In this mountain-bound land, industrial develop 
ment is still in “low gear’. But contracts have 
been placed with foreign promoters for sugar 
mills, chemical plants, and match factories. Right 
now, mining is still the big industry, followed by 
oil, power, and textiles. All instrument and 
control needs are met by imports, with the U.S 
and Germany in ardent competition for the 
$424,000 industrial-control market that material 
ized in 7°52 Germany was ‘way ahead in 
measuring and test equipment: most of its 
>224,000 export was in electrical quantity, gas 
water, and size meters. ‘The U. S. excelled in 
automatic control devices and process instru 
mentation—these accounted for 90% of its 
5200,000 export. Major U. S. items: primary 


switchboards and panels, motor controls. ‘Th 


Up to $2 billion 
yearly for new 
industries 


Germany and the 
United States 
split a market 











Process Unit 
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en ee 


Electro-pneumatic Converter 


Speedomax “H” 
Recorder-Controller 


Series 60 
Control Unit 


L&aN’S NEW C.A.T. ELECTRO-PNEUMATIC CONTROL 


ied you there avaulages: 


CTRICAL RESPONSE in 
hae 2 erg control, transmission. 


SIMPLICITY, LOW COST, ADAPT- 
ABIL rasa ‘the special safety of 
pneumatic operation. 


L&N’s C. A. T. (Current-adjusting type) Control 
combines the advantages of pneumatic valve Op- 
eration with the flexibility and fast response of 
an electrical control system. The electrical signal 
produced by a change in the process variable 
passes from transducer, to Speedomax recorder, 
to L&N Control Unit. Here, the properly tuned 
combination of proportional, rate, and reset ac- 
tions produces a control current which is fed to 
the Electro-pneumatic Converter. The Converter 
matches the control characteristics of the current 
output with an air pressure which operates the 
pneumatic valve. 

The L&N Control Unit and all of its replace- 
ment parts are “plug-in” type for fast, easy servic- 
ing. The Unit's proportional band is adjustable 
from 0 to 500% of recorder range, rate time is 
continuously adjustable from 0 to 8 minutes, and 
reset action runs from 0 to 100 repeats per minute. 


The force-balance type Electro-pneumatic Con- 
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1 
Y INSTALLATION with only 
ade leadwires from the control 


to the converter mounted near 
~— process; then short air lines from 


converter to valve. 


verter is ideal for installation directly on the 
process unit. It can be mounted anywhere, in any 
position; is vibration-resistant and weather proof 
Its minute (5 milliamp) current and continuous 
air purge provide a wide safety margin for opera 
tion in hazardous areas. If power fails or the con 
trol unit is removed, the control valve is sealed 
in its last position. And the Converter is so sensi 
tive that its dead band is less than 0.1% 

C. A. T. Electro-pneumatic Control may well 
be the answer to your control needs. For details, 
write for Folder ND4(8). The address—Leeds & 
Northrup Co., 4918 Stenton Ave., Phila. 44. Pa 


LEEDS IN NORTHRUP 


instruments f | 


’ 
TI automatic controle « furnaces 
/ i 





only automatic control devices from Germany were highly spe- 
cialized and custom-built. Note to manufacturers: import 
permits lenient; controls are “essential to the economy” 


Industrial progress has already hit “second gear’ 
in this rugged, narrow nation along the Pacific. 
Mining, chemical, and drug plants are starting to 
vie with textiles, now chief export industry. Just 
north of Lima a huge industrial area—featuring 
hydroelectric and steel plants—is now a-building. 
In 52 Peru brought in over $3 million in control 
equipment. About 60% of this came from the 
U.S., with Switzerland the other major supplier 
The Swiss specialized: they furnished, aided by 
Britain and Canada, over 80% of the electrical 
quantity-measuring items and 27% of all auto 
matic control devices. ‘The U. S. dominated 
process instruments (near $200,000) ; also did 
well in motor controls, primary switchboards, and 
control valves. German inroads were evident— 
gains of from 1% in’50 to 28% in "53 in meeting 
Peruvian needs for mechanical gaging and test 
instruments, and invasion of the control device 
market (35%). Note to manufacturers: much control equip 
ment gets into Peru duty-free, while the rest suffers a very 
modest per-weight stipend 


The economy of this lush, tropi YOU 

cal country is now in “high’— rh 

revved up by income from oil 

developments, which exported 

$644 million bbl in 1953. Iron 

ore also booms: concessions of 

U.S. Steel and Bethlehem Steel 

shipped 3.3 million tons in the 

first five months of 55. Ven 

ezuclan coffers, however, are kept empty by a broadside in 
dustrial expansion that currently demands the import of over 
$5 million in industrial instruments and controls. U. S. leader 
ship in this market is seriously challenged by Germany 
Canada, Switzerland, France, and Japan— in that order. Yan 
kee process control equipment made up 75% of the $3.6 
million spent to run the continuous-flow plants. But a sizable 
$3 million went for electrical power-generating control equip 
ment, and the U. S. got only 25% of that. The types of 
equipment on the rise indicate the growing sophistication of 
Venezuelan industrv: control valves, timers, motor controls 
instrument transformers. Note to manufacturers: there has been 
a favorable dollar balance for the past 15 years; no government 


restrictions are on exchange, and customs duties are negligible 


Swiss are a 
prime contender 


Five nations 
are challengers 





GOOD NEWS FROM WESTINGHOUSE... 


THIs Is 


CYPAK 


the most revolutionary industrial control 
advance in 25 years 
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Just two years ago, production and control] engineer alike dreamed of the 
possibilities of a relay with no moving parts. A reality today, Westinghouse 
CYPAK introduces static control from units that fit the palm of your hand 
CYPAK control has no moving parts to wear, corrode, jam or otherwise 
cause failure. In addition, CYPAK refines the relay art through making use 
of basic logic functions. 

The result—statie control with life at least 15 times that of conventional 
relays. While twenty million open-close cycles is usually the maximum life 
of a mechanical relay, CYPAK systems can handle that many cycles in day 
without a trace of fatigue. 


tesides eliminating maintenance and down time, CYPAK Opens new oppor- 


tunities for broader, more complex control. Look into these advantages of 


CYPAK by calling your Westinghouse sales engineer. J 
> 


* Trade-Mark 


YOU CAN BE SURE...iF its Westinghouse 


g 
4% 


z 
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BY §DEKORON 
INBYRUMENT 
TUBING 


knocks out your instrument line corrosion problems 


METAL TUBE | om 


4 DEKORON single-line tubing. Samuel 


Moore & Co. will coat your copper, 
aluminum or steel tubing by the 


~ 


ptastic sHeatH DVekoron extrusion process, or will 
supply coated tubing. Straight lengths 
PLASTIC SHEATH to 20 K.. coils to 1000 ft. 


\ ~~ ' DEKORON IMPERVAPAK is a multiple tube 
~\ 7 ™ harness of plastic or metal tubes encased 
v 


‘ . in tight plastic sheath. Multiple tube 


“+ “ construction cuts down installation costs 


METAL OR 
PLASTIC TUBES 


Corrosion @ndangers the life line of your plant— 
your instrument tubing. That's why you should investi- 
gate Dekoron instrument tubing, the tubing that’s 


impervious to moisture, salt air, corrosive atmospheres, ® 

and chemico ey products 
That means Dekoron eliminates replacement costs 

and maintenance, Other advantages are low initial cost 

.. . less plant down time .. . easy installation with 

standard fittings and plastic tape. 
In replacement savings alone—not including lower 


maintenang@ and installation costs—Dekoron Instru- SAMUEL MOORE & COMPANY 


ment Tubing pays for itself over and over again. 


AA-166 


Send for free copy of Bulletin L-6506 
“3 Ways to Whip Corrosion and High 
Tubing Installation Costsin Y our Plant.” 
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Improve Your Investment 


Last month's editorial urged more emphasis on the engineer's basi 
investment — training. We advocated study, reading, attendance at technical 
society meetings, independent research, publication, and teaching. Our thesis 
is supported by a recent National Industrial Conference Board study on pet 
sonnel policy, ““Tuition-Aid Plans for Employees”, just released to associated 
companies and available through their libraries. ‘Three-quarters of the 166 
participating firms offer financial assistance to employees taking courses given 
by colleges, universities, trade schools, and professional societies. Kaghty per 
cent of these companies are in the same industrial categones as those repre 
sented by the bulk of our subscribers: chemical, aircraft, oi] refining, electrical 
and mechanical manufacturing, gas and power, and metal fabrication, Case: 
detailed in the study show that firms in these groupings have the greatest 
number of engineers enrolled in courses — yet they report that this number 
has run an average of only one to five per cent of their total work forces over 
the past five years. We find this disappointing 

Look over the training opportunities offered by your employer. Halt 
of the companies in the study refund the entire tuition expense. Aid beyond 
this point varies, but it often includes paying for laboratory fees, books, tools 
apparatus, transportation, meals, and, in a few cases, a baby sitter. The com 
panies believe strongly in the benefits of their programs. An aircraft manu 
facturer employing hundreds of engineers claims that its scheme develops 
“engineers for future technical management positions, specialists in selected 
technical fields, and engineers with broader job knowledg: An industrial 
instrument maker, recognized for its long-established training school for cus 
tomers’ employees, regards its program as a basic part of personnel develop 
ment. ‘This company holds that the education support plan “aids in preparing 
employees to do a better job and for advancement’. At the same time “‘it 
brings promising candidates for promotion to the attention of supervisors” 

Here is real incentive and backing, available now — yet how well is it 
being used? Figures in the study show that the median company outlay en 
countered for employee education is still only a modest $45 a year. It is obvious 
that opportunities for investing this way in your career are wide open, Do 
you take advantage of them? 

Mik EDITORS 
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New -hp- 711A Power Supply makes it easy 
to power experimental and bench setups 


0-500 volts dc, 6.3 v ac 
High regulation 
Current, voltage meters 
Overload protection 
All-purpose utility 


The new -hp- 711A was developed to do just one thing—simplify your 
job of powering all kinds of electronic circuitry in laboratory, field and 


factory. 


This compact (18 Ibs.) instrument is ideal for driving low level ampli 
hers, constant frequency osc illators and similar jobs where highly stable 
voltage is essential. Voltage range is very broad —O to 500 volts. No-load 
to full-load regulation is better than + 0.25% or 0.5 volts. Ripple is less 


than | millivolt. Maximum current is 100 milliamperes. 


For added convenience, there are separate current and voltage meters 
with new push-button range switching for accurate measurement of small 
voltages and currents. Other features include overload protection and 


grounding on either positive or negative de terminals. The price is $225. 


Electronic instruments for complete coverage, quality, convenience 


HEWLETT-PACKARD COMPANY 
3332H PAGE MILL ROAD « PALO ALTO, CALIFORNIA, U.S.A., 
DAvenport 5-445! «+ Cable “HEWPACK” 


Field Representatives in all principal areas 
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Direct or Reverse 
Controller Actions? 


TWO CHARTS SPECIFY SELECTION FOR CASCADE CONTROL 


ntly in designing cascadc 


onnected control 


should 


individual control elements be arranged for direct 


Frequ 


ystems for a process, thie question arises 


ction or reverse action? ‘The instrument engineer 
can decide by tracing the control reaction through 
cach element of the system, but this task is laboriou 
and open to error, ¢ harts containing logical com 


binations of choices simplify the job 


Direct or Reverse Actions? 


I'wo typical cascade-control problems will be con 
sidered in illustrating the use of the charts. In both 
cases the systems ar opera 
ipply to electric control as well 
In a direct-acting controller, output air pressure 


pneumatic; but the 
tional principles 


increases as the measured variable increases. Hov 


ever, in a reverse-acting controller, output air pre: 


sure decreases as the measured variable increas« 


Output pressure in a direct-acting temperature con 


troller, for example, increases as the 


temperature 
increases. 

In a direct-acting pneumatic set mechanism an 
increase in loading pressure from the master con 
troller raises the set-point of the 


troller. But for reverse action, the 


econdary con 
ct point is lowered 
as the loading pressure increase 


Temperature Control System 


Consider the cascade-connected temperature con 


trol system in Figure 1. Here the controlled proc 
consists of a stream passing 
by a gas-fired heater Lh 

controller measures the 
ind adjusts the set pot of the econdary flov 
ontroller accordingly. ‘The flow 
the fuel-gas flow, and it output operate the control 
valve. ‘This valve i 
in which an air diaphragm motor 1 


through and heated 
master temperature 


tream outlet temperature 
controller measure 


assumed to be the usual type 
Oppo ed by i 


coil pring 
hould the 


I hese 
] 


controller be arranged for direct or reverse action? 


question ITs temperature 


GEORGE PLATT, Scientific Design Co., Inc 


Formerly with Foster Wheeler Corp 


Should the pneumatic ct mechan 
controller be arranged for direct 
And, finally, should the flow cont 
for direct or reverse action? 
Desired operation of the final 
the valve, limits freedom of choice in 
to these Valve 
what the system is to 
measured temperature 


questions operat 
accomph ly 
mcreas thi 
fuel to the burners, a 
constant temperature Als 


hould clos 


lose, pass le: 
tain a 
flow rises, the valve 
flow to kee p it constant 
Valve operation in case of fail 
ment air supply also enters into the 
air supply fails at the 
valve must fail safe by closing a1 
fucl-gas supply to the heater. Au 
controller should affect the valve 
\ppropriate fail-safe operation « 
truction feature that should be sp 


i 
However, a change | i@ field 


t¢ mperati 


it the tin 
ot purchase 
open on air failure to close on air { 
tained from many valves by rever 

l'’o summarize, the valve for the t 
hould 


© close with increase in master 


trol system 


© close with increase in secondar 

> close with air failure at master 

© close with air failure at secondar 
Chart I shows that the only way t! 


of valve operation can be obtained 
P reverse 


ombination 
to have 
action in the temperature ntroller 
P direct action in the pneumatic set mechanism, and 
> reverse action in the flow controll 


\ tep-by step trace of system op on shows that 


reverse-direct-reverse gives th 


tion. ‘Thus, as temperature increase mpecra 


! 
pncumat 
ct-point is lowered relative to the existing flow (thi 
has the same effect on the flow 


is if the flow were raised relative t 


ture-controller output decreases a 


output 





point). ‘The flow-controller output then decreases 
and the valve closes. In a similar manner, as the flow 
increases the flow-controller output decreases and 
closes the valve. 

lor air failure at the master controller: the tem 
perature-controller output decreases, the pneumatic 
set-point drops relative to the existing flow, the flow 
controller output decreases, and the valve closes. 
lor air failure at the secondary controller: the flow 
controller output fails, and the valve closes. 

The above analysis proves two things: reverse 
direct-reverse gives the correct valve operation, and 
the chart arrives at the same answers in a much 
simpler manner 

Charts I and II contain identical information ar 
ranged differently for convenience. For instance, 
Chart II shows that the reverse-direct-reverse com 
bination selected for the above cascade-connected 
temperature control system allows two possible types 
of valve operation: open-open-open-open and close 
close-close-close. However, where system operation 
demands “close on air failure’ valve construction, 
as in the present example, this choice disappears. 


Level Control System 


Figure 2 shows another common example of 


cascade-connected control systems. Here the con 


trolled process consists of a liquid stream that enters 
an accumulator and then flows out. ‘The (master) 
level controller measures the liquid level and adjust 
the set-point of the flow controller. ‘The (secondary ) 
flow controller measures the flow and its output op 
erates the control valve. This control valve should 
P open on high level, and 
P close on high flow; and is required to 
P close on air failure at the level controller, and 
> close on air failure at the flow controller 

Chart I shows these conditions will be met by 
direct-direct-reverse actions 


Practical Considerations 


~ 


But suppose the system operation in Figure 2 
calls for the valve to open instead of close on instru 
ment air failure. Chart I shows this open-close-open 
open operation requires Teverse-Teverse direct action 
Now that reverse pneumatic set is specified, a new 
problem may arise. Since the so-called conventional 
(large case) instruments usually have reversible 
pneumatic set mechanisms, the reverse action i 
readily obtained in most instances. But miniature 
instruments do not provide for reverse pneumatic 
set as a standard feature, although all makes can be 
furnished with direct pneumatic set and with either 
direct or reverse controller actions. 


Valve position on 
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APPLIED TO TEMPERATURE 


FIG. 1. A cascade-connected temperature control system 
maintains the liquid stream at some constant temperature. 
Here the temperature controller measures the stream’s 
output temperature and adjusts the set-point of the flow 
controller. The controller then opens or closes the valve 
and allows more or less fuel to be burned in the heater. 
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APPLIED TO LEVEL 


FIG. 2. This cascade-connected system maintains constant 
level through adjustment of the flow controller's set-point 
by the level controller. ‘Thus any difference between the 
set-point flow rate and the measured flow rate drives the 
valve open or closed to maintain the flow demanded by 
the level controller 


Ihe problem that would exist if an instrument in Figures 1 and 2), or to direct-act transmitter 


were used that does not allow reverse pneumatic set with receiver controllers. In most instrument appli 


where it is required can be handled in the following cations, direct-acting measuring clements are used 
|) accept the use of direct pneumatic set, Ilowever, they're also useful with a reverse-acting 

or 2) reverse the master controller's output with signal applied to the master controller. Just con 
i reversing relay whose output connects to the se ider the system as though it were direct acting 
ondary-controller pneumatic set mechanism determine the appropriate master-controller action 
[he first, though simpler than the second, may be from the chart, and actually use the yposite action 
used only if the process can perform properly with for the installation. For exampl ppose there i 
the resulting different-from-desired valve operation 1 service with a reverse-acting master level tran 
Otherwise, the second choice must be used if con mitter that requires open-close-close-close operation 
troller construction permits. However, to avoid addi Chart I, based on all direct measurement how 
tional complications when using a reversing relay that direct-direct-reverse action iould be used 
the relay must be tied to the same individual ai Hlowever, since the master transmitter is reverse 
upply as the secondary controller. ‘Thus the relay icting, its associated control action n actually 


ind the secondary controller have ai upply Or alt be reversed. ‘Thus for this system, thy 


failure simultaneously, and act as an integrated unit tion of controller actions is not direct 
Although the general rule is that a valve should but reverse-direct-revers¢ 
operate one particular way regardl of the point Ihe charts facilitate the choice of proper con 
of air failure within the system, the charts make a troller actions for systems generally encountered by 
distinction between air failure at master and se instrument engineers. But they do not include the 
ondary controller Ihe distinction applies to sy use of reverse-acting secondary transmitter not 
tems where separate valve operations are necessary usually encountered) nor do they include air-failure 
and to other instances where it might conceivabh onditions at transmitters only An enlargement 
be desired of the charts to include all these situations is po 
The charts apply to dire t-connected controlle: ible; however, it would complicate them and make 
with direct-acting measuring elements (the system them less useful 





How to Find 
Controller Settings from 


Process Characteristics 


THE GIST: Just how well a process con- 
troller performs its job depends on the 
process characteristics and the corrective 
actions available in the controller. Fre- 
quently, proportional action alone will 
maintain the required product quality 
with minimum instrument cost. Some 
processes may need additional controller 
actions. Although the cost of the result- 
ing arrangement is somewhat higher, 
product quality is improved and spoilage 
significantly reduced. 

Of course, the first step is to find out 
if a proportional controller is adequate, 
and this means finding the controller 
settings for optimum performance. Then, 
if the resulting operation does not meet 
the requirements, improvement through 
additional actions should be balanced 
against additional costs. But remember, 
maximum performance must be squeezed 
from each controller action before more 
actions are considered. In this way, over- 
instrumenting can be avoided. 

Procedures and charts for setting con- 
trollers are shown in this article. They 
simplify the work of determining if a 
controller, adjusted to its best settings 
for the process, will do the job. The 
answers provide adequate information 
for handling the cost versus performance 
problem of overall plant operation. 
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In optimizing controller settings one must consider 
not only process characteristics but also the type of 
controller used with the process. Controller action 
discussed in this article include proportional, pro 
portional plus reset, and proportional plus rate. A 
subsequent article covers the adjustment of control 
lers that combine these actions, namely proportional 
plus reset plus rate 


CONTROLLER ACTIONS 


lable | shows the basic properties of controller 
actions. If a load change occurs in a closed loop in 
which the controller has only proportional action, the 
controlled variable will not return to the set-point 
‘hus, there is a sustained deviation called offset. An 
increase in the controller's gain, commonly called 
proportional gain or proportional sensitivity 5 
reduces the offset, although the increase must be 
limited by stability considerations 

If the offset is too great with proportional action 
only, reset action may be added to the controller 
This will eliminate the offset and return the con 
trolled variable to the set-point. It will also decreas¢ 
the operating frequency (frequency of the damped 
oscillation seen on the recovery curve), which | 
undesirable because this indicates slower correction 
after a disturbance. Usually, with reset action the 
proportional sensitivity must be reduced in order 
to maintain the same degree of stability in the 
controlled system 

Another combination of controller actions consist 
of rate (or first-derivative) action added to propor 
tional action. Rate action allows a higher propo 
tional sensitivity for the same degree of stability and 
this may reduce the offset to within allowabl 
tolerances. At the same time rate action considerably 
increases the operating frequency, which improv 
the quality of control 


RECOVERY CURVES 


llow well a controller regulates the proc nay 
be judged by the recovery curves that indicate 





FIG. 1. Figure 1A shows th 

deviation that results when Pen 
the controller settings are ad deviation 
justed to the ultimate values 

Here, the oscillation ampli 

tude remains constant with 





time. Thus, with no decay in 
the recovery curve, the decay 
ratio equals unity. But in 
Figure 1B, the controller has 
been set for a 4 decay ratio 
Now the peak amplitude of 
each oscillatory cycle is one 
fourth the amplitude of the 
preceding cycle. The recov 
ery curve may reach a steady 
state magnitude that differs 
from the set-point. This dif 
ference is called offset. 
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deviations of the controlled variable with respect 
to time. Good control is evidenced by these desir 
able features on the recovery curve: 

1. The controller and process as an integrated 
system should be stable. Hunting, or continuous 
oscillations, where the decay ratio equals unity 
(Figure 1A), should not exist in the closed-loop 
system. 

2. The offset, or final value of the transient 
deviation, should be within prescribed tolerances. 

3. ‘The recovery time should be rapid. ‘This means 
that the operating frequency should be sufficiently 
high. 

4. ‘The area away from the final value should not 
be too large. This property is often used as a measure 
of the quality of control. 

Experience shows that adjusting the controller 
until a 4 decay ratio (Figure 1B) appears on the 
recovery curve after a step change disturbance is 
a satisfactory compromise between these four require 
ments. For this reason the 4 decay ratio will be used 
as an important criterion for determining good con 
troller settings. Actually, the requirement will be 
that the fundamental (lowest-frequency ) component 
of the recovery curve have a 4 decay ratio. In the 
region of good settings this component is usually 
dominant. 


PROCESS CHARACTERISTICS 


In ‘Table I the controller actions were described 
by showing (1) the response to a step change in 
input, (2) the frequency response, and (3) the trans 
fer function. ‘The process may also be described in 
one of these ways, but often process characteristics 
are not well known or easy to obtain. Yet it is nec 
essary to have adequate information if the control 
system is to function satisfactorily. ‘The following 
are some of the ways in which process data may be 
given: 


PROCESS REACTION CURVE 
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© reaction curve of the process 

> continuous cycling of the closed loop 
> frequency response of the process 

P analysis of the process 


CONTROLLER SETTINGS 
FROM THE REACTION CURVE 


Sometimes it is possible to make a step change in 
the input to the process and record the process out 
put under open-loop conditions. This output is 
called the process reaction curve (Figure 2). ‘The 
curve is analyzed by drawing a straight line tangent to 
the steepest portion of the curve. The reaction rate, 
R,, is the slope of this line divided by the magnitude 
of the step change; the time intercept, L,, is called 
the effective lag. Once these quantities are known, 
one may use the Ziegler-Nichols formulas for setting 
the proportional sensitivity S and reset rate U. For 
good control they recommend: 

Proportional action 


S 1.0/R, L, 
Proportional plus reset actions 
S = 0.9/R, L,, U 

The reaction shown on Figure 2 was 
obtained by making a step change of 1.0 psi. ‘The 
vertical intercept R,L, is 0.44 in./psi and the effective 
lag L, is 0.80 min. According to the formulas the 
controller adjustments are: 

Proportional action 


0.3/L, 


curve 


S 1.0/0.44 2.3 psi/in. 
Proportional-plus-reset actions 

S 0.9/0.44 2.0 psi/in, 
U 0.3/0.8 0.38 repeats per min 

The quality of control usually ranges from fair to 
good when either type of controller is adjusted in the 
manner indicated above. But an objection to thi 
method is that it does not give much additional 
information about the recovery curve, such as th 
operating frequency or the degree of stability in th 
system (decay ratio). 

Obtaining a process reaction curve is easy, takes 
little time, and requires little special equipment. In 
many cases, however, it is not practical to do this 
since the disturbance would produce intolerable 
upsets in the system 


CONTROLLER SETTINGS 
FROM CLOSED-LOOP CYCLING 


Some information may be obtained about the 
process itself under closed-loop conditions. ‘The reset 
rate and the rate time are both set at zero and then 
the proportional sensitivity is adjusted until contin 
uous cycling occurs in the closed loop (Figure 1A 
This setting is the ultimate proportional sensitivity 
S,. From the graph one can find the ultimate period, 
P,, or ultimate frequency f, 1/P,. Knowing the 





ultimate values of sensitivity and period, Zieglet 
and Nichols suggested the following rules of thumb 
for obtaining good controller settings 

Proportional action 

S 0.5 Sy, 

Proportional-plus-reset actions 

S 0.45 Sy 
U = 1.2/P, = 12f. 

Figure 1A shows the closed-loop cycling for the 
process used in the example above. In this cas¢ 
the ultimate sensitivity S, 4.0 psi/in. and the 
ultimate period P, 3.7 min. By this method the 
controller adjustments are 

Proportional action 

S = 0.5 (4.0) = 2.0 psi/in 
Proportional-plus-reset action 
S 0.45 (4.0 
U = 1.2/3.7 


1.8 psi/in 
0.32 repeats per min 
‘hese settings agree very well with those based on 
the process reaction curve 

Since the settings depend on the proportional 
sensitivity and frequency which were found experi 
mentally, one should be certain that these are really 
ultimate values. Increasing the sensitivity slightly 
above the ultimate value should result in an oscilla 
tion of increasing amplitude. It may not be possible 
to do this in practice, since the process may run out 
of control before the sensitivity can be reduced 


CONTROLLER SETTINGS 
FROM THE FREQUENCY RESPONSE 


There are numerous ways in which controlle: 
adjustments can be selected on the basis of frequency 
response. Only a few will be discussed here, with 
emphasis on the method of } decay ratio 


Continuous Cycling of the Closed Loop 


I'he process frequency response may be obtained 
either by experimental tests or by direct calculation 
It is possible to find the quantities f, and S, directly 
from this and then to substitute in the formula: 
given above for controller settings. The ultimate 
frequency f, is the frequency at which the proce 
phase lag is 180 deg. ‘The ultimate sensitivity S, 
equals unity divided by the process gain at the fre 
quency f,. For example Figure 3 shows that f 
0.27 cpm; the corresponding value of process gain 
is 0.25 in./psi so that S, 1.0/0.25 $.0 psi/in 


30-Deg Phase Margin 


A rule commonly used in design work provide 
a margin of stability in the closed loop. ‘This is that 
the phase margin should be at least 30 deg in order 
To obtain 
i phase margin of 30 deg, the phase lag of the open 
loop must be 150 deg when the 


for the system to perform satisfactorily 


opt I loop vail 


PROCESS FREQUENCY RESPONSE 





unity. If proportional action onl being used 
it contribute to the p and the 
phase margin will be 30 deg 

lag is 150 deg 
occurs at the frequency 0 19 epm | requen 


ibout thi Liiie j the 


no phase lag 
when th 


phase 
In the example of | thi 


is significant, for it is usuall 
operating frequency. At thi 
gain is 9.51 in./psi and the open loo} un will be 
unity if the controller sensitivity is adjusted to S 

1.0/0.5] 2.0 psi/in. ‘This settiny 
to calculate for a proportional conti les 


frequen the proce 


vhich 18 eas' 
usually 
results in satisfactory performance d at the same 


time insures stability in the closed 


CONTROLLER SETTINGS 
FOR 1/4 DECAY RATIO 


From the frequency response it 
to find controller settings that will gi ( y ratio 
of 4 in the recovery curve. In addition to giving 
itisfactory etting th nethod also 
indicate the rreque | devree of 
tability (4 decay ratio) of the recov rve. No 
further 
urate prediction 


controller 


opel iting 


needed to make fairly a 
ibout the 


calculation ire 
hape of the losed-loop 


transient response 
Modifying the Frequency Response 
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method graphi il correct ire ipplied 
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hed curves are then used in calculating controlle: 
settings. The correction to the gain curve at any 
frequency depends on the slope of the phase curve 
it the same frequency the correction being positive 
when the slope of the phase curve is negative. Th 
orrection to the phase curve depends on the slop. 
of the gain curve, the correction being negative when 
the slope of the gain curve is negative 

\_ graphical procedure for obtaining correction 
to the process frequency response will now be shown 
using Figures 4 and 5. To correct the gain at the 
frequency 0.1 cpm 

1. Draw the tangent to the phase curve at the 
frequency 0.1 cpm 

2. Calculate Y, which is the number of degree 
change in the tangent to the phase curve over 
decade on the frequency scale. ‘Thus 
95 deg) 170 deg 

3. On Figure locate the point y 
on the left-hand vertical axi The corresponding 
point on the lower horizontal axis is | which i: 
the ratio of the modified gain to the proce gain 
Since the proc gain at f 0.1 cpm 1 
in./psi, the modified gain is (1.32 1.15 
in./psi. ‘This value is plotted on Figure 4 at f 


deg ( 


cpm 

If the same scales are used on Figures 4 and 
steps 2 and 3 may be done with a pair of divider 
without making any readings. It is not even nece: 
iry to do the multiplication since the gain is plotted 
on a log scale 

This graphical procedure will be illustrated by 
finding the gain correction at f = 0.2 cpm. A straight 
line is drawn tangent to the phase curve at f \) 
pm. The change in the tangent over one decad 
y is measured with a_ pair of divide md 
laid off on the Y-scale of Figure 5 (¥ 19 
deg). Measure the distance d with a pair of divider 
and lay this distance off above the process-gain curve 
ligure 4) at f 
on the modified gain curve. In a similar manner 
other pomts are located at f 


0.2 cpm. ‘This gives a second point 


0.5 cpm and f 1.0 
cpm 

In order to correct the process-phase curve 
tangent is drawn to the gain curve at the frequency 
under consideration, say, f 0.1 cpm. The next 
step is to find X, which is the change in gain on 
the tangent to the gain curve over one decade on 
the frequency scale. At f = 0.1 cpm, X 1.18/0.15 

7.6 Once X is known, the phase correction 1 


which may be used for an 


found from Figure 
process. In this case the phase correction is minu 
11 deg. Since the process phase at this frequency 
is minus 95 deg, the modified phase 1 5 deg 

11 deg) 106 deg at f 0.1 cpm (Figure 4 

Since Figures 4 and 5 have the same scales, thi 
correction may be made by using a pair of divider 
After drawing the tangent to the gain curve at some 
X with a 


L 
frequency, say f U.Z2 cpm, one measure 


pair of divider Lhis distance (cor 





X >| laid off on the X 
point X 
ind lay it off below the proce 
+) at f 2 cpm. In thi 


hed phase LiTve 1ia\ be 


ile to the right of the 
Measure the distance ¢ 


| Ivure 


on Figure 5 
, pha Cc CuryVe 
on the modi 

located quickly without 
ilculation 


, 1 ‘ 
Wil pot 


making my re iding OT 


I he irve 


que Ih 


of Figure ipph to any 


papel If the 


type of tre 
pons¢ correction curve 
on the same scale is the process fre 


quenc' ponse, then points on the modified curve 


making any ilculation 
further shortened since the 


in the vicinity of 180 


ma located without 
whatever Lhe work i 
modified curves are used onl 
deg phase lag 


Sonn 


issumed that the recovery curve ji 


method 


dominated 


Ipproximations are i Ived in thi 


ingle damped oscillation and that the curva 
ture of the gain and pha Cc curve is not too great 
Ilowever, this method has worked well in a lar 


number of case: 


Proportional Action 


The procedure for setting 1 proportional ontrol 
i 


o that the recovery curve will have a decay ratio 
| is the following 
Determine the frequency f 


of the modified proce 


it which the phase 
1SO deg Th 


th operating frequency \ | ( thr example 


ven 18 f 0.2 cpm 
Read the 
On bigure 4 


modified gain ¢ thre 
(1) 66 in 


tre quen 


cnsifi 


I hie proportional 


kor the 

1.5 psi /in 

Iarhier the 
that continuous cycling 
loop if th ensitivity were set at 4.0 psi/in ind that 
the ultimate frequency ; lo ob 
tain 4 decay ratio in the recovery curve, it is nece 
cnsitivity to | 
operating frequen will then be 0 
method give the operating tre 
tability + deca 


proc under ) leration S 
10 /0.66 
frequency response wa used to show 


} 


would cx! in the closed 
1 
would be 
irv to reduce thi proportional 
psi/in Thi 
pm. Thus, thi 
quency ind also the degree of 


ratio) of the recovery curve 


Proportional-Plus-Reset Action 


When reset action is added to the controller, it 

iry to specify another condition in addition 
Some workers in the field hav 
obtained good results by setting the reset rate equal 


y ratio 


to the operating Trequenc In the following pro 


edure i proportional-plu reset controller 3 i 


justed so that the recovery curve has a 4 decay rat 
ind the 

1. Determine the frequency f, at vhich the mod 
hed phase lag of the proce is 171 deg. ‘Vhis is the 


operating frequency for the pro of Figure 4 


reset rate equal the operatin trequen¢ 


1.19 cpm 
i | the modimnece 


n th is 


Lhe setting 


xampl then 
‘ oo, 


f 0.10 repeat 1™ 


idding reset action to a propé 
to reduce the prop 
3 psi/in. in order 
ratu At the mne tink 

ised thr 
0.19 cpm vhich means that thi 


hghtt 


opcrating 


frequen 


CUTIVE 1 increased 


Proportional-Plus-Rate Action 


lable I shows the 
) tional -plu rate 


frequen 
mtrolles 
phase lead 
ley do 1) 
beha or llowever if 
ribed by the idealized req 
0 Prequcncn vhere the phia 
results of this section 
Although thi 
rate controller has not be 
point, numerou method 


mtroller ett 


rdyustine 


choo Wy 
quire that thre &recovel 
mallest po ible 


cnsitivil 


md also the 
that the 
IS po ible while maintaming j 
Lhe benefits of rate action ar 
fact that it introduc 
rate time J nto the 
following pro 
leads of 0 


pl portional 


/ 


l phiase Ca 
ontroll 
ontrol 
ind OO deg to ft 
of settings that gives the highest 
tivit Qf course 1 phase lead of 
l 0 so that th 


edure tri 


the rate time 


proportional | on 
|. hind the freques 


yhiase id’ 1 
it f Then 
) / 
\ it} thre case of roport yal ict 
| | 
1H6 ; : 
if Hit >! S | >! 
bind the frequen 
phase 
thi requcn 
Phen 


] 
the ¢ ipl 





WHERE RATE ACTION IMPROVES CONTROL 


FIG.6 


! 
0.01 


is ! is sul 1 setae 
O; 1.0 
Frequency, cycles per min 


TABLE Ii SEE FIGURE 6 





PROCESS | 


Operating Process Gain Proportional Rate 

Frequency _—in/psi Sensitivity Time 
cpm psi /in min 
fe Go 5 T 


Proportional 
(0° Phase Lead) 0.048 1.15 


Prop. + Rate 
(30° Phase Lead) 0.056 1.12 


Prop. -+- Rate 
(60° Phase Lead) 0.064 1.02 


PROCESS II 


Proportional 
(0° Phase Lead) 0.21 0.3) 


Prop. + Rate 
(30° Phase Lead) 0.29 0.15 


Prop. | Rate 
(60° Phase Lead) 
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For the process under consideration f, tl cpm 
g 0.11 in./psi, so that 
S 0.69/0.11 0.20 /0.41 


6.3 psi/in 1 0.49 mir 


4. Choose the combination of settings which 
gives the largest value of S, thus giving the smallest 
offset. In the example, this is the combination 
S 6.3 psi/in. and T 0.49 min. If the controller 
is adjusted in this manner, the recovery curve will 
have a 4 decay ratio and an operating frequency of 
0.41 cpm 

It may be noted that the addition of rate action 
to a proportional controller has allowed an increas¢ 
in proportional sensitivity from 1.5 to 6.3, thus 
reducing the offset by a factor of about 4. Further 
more, the recovery time has been shortened since 
the operating frequency has increased from 0.2 to 
0.41 cpm. These results are verified by the curves on 


Figure 7A, which were computed with these settings 


RATE ACTION IMPROVES CONTROL 


tell whether 
ontrolle: 


Frequency-response plots of a proces 
or not the addition of rate action to the 
will make a significant improvement in the regula 
tion of the process. To illustrate, two different proc 
esses (Figure 6) will be compared 

Consider the modified process curves labeled | 
in this figure. ‘Table II, which was computed from 
the formulas given above, shows the frequency f 

5 
I’, that result with proportional control only, pro 
portional-plus-30-deg phase lead, and proportional 
plus-60-deg lead. Here, the controlle: 
increases slightly with 30-deg phase lead a 
with proportional action only. And when 60-deg 
omewhat 


process gain g,, controller sensitivity S, and rate time 


ensitivity 


ompared 


phase lead is used the sensitivity decrease: 

But this same table shows that adding rate action 
to Process II considerably improves the quality of 
control. Here, the addition of 60-deg phase lead 
from rate action doubles the frequency and increas 
the sensitivity by a factor of 3.6 over proportional 
control only 

[he foregoing results can be summarized in thes« 
rules that tell, from the f-+1 plots of the proce 
whether or not rate action will improve the prox 
ess’s control 

1. If the process phase-angle characteristic has a 


steep slope in the vicinity of 180-deg lag (as in 
hy 


2) 


Process 1) the frequency is not changed much 
an additional 30- or 60-deg lead from the controller 
Furthermore, the process gain remains about the 
same in this range of frequencies, so that the con 
troller gain (hence sensitivity) remains about the 
same. ‘Therefore, processes with this fr character 
istic will not be significantly improved by the addi 
tion of rate action 

However, if the phase curve changes gradually 
near the minus-150-deg point, as in Process I, a 30 


or 60-deg phase lead increases the frequency consider 





IMPROVE CONTROL WITH RATE ACTION 





TRANSIENT RESPONSE OF A CONTROLLED SYSTEM TO A STEP PROCESS REACTION 
DISTURBANCE OF 1 PS! AT THE VALVE CURVE 


























THREE CAPACITY PROCESS 


5M * SPIT, +7 


2 5 











REACTION CURVE 


OF A PROCESS WITH NO SELF-REGI 


FIG. 9 








the 
gain has a large negative slope, so that the controller 
gain, and therefore sensitivity, 
the frequency increases. ‘This sensitivity 
due to rate action reduces the offset following a 
disturbance 


ably. And in this range of frequencies process 


increase greatly as 
increased 


igure 7 shows the transient responses of some 
processes that have been subjected to a step dis 
turbance of | psi at the valve (final control element 
lor each of several processes, as characterized by 


their reaction curves, the recovery with and without 
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rat chion 1 hown | ASCS thre cont 


roller 


l } 
ontrol 


ettings give 4 deca 


ratio for proportional 
minimum oftset tor propo! 
Sonu process how 
improvement in control than others after rate action 
is added to proportional action, although rate action 
makes at least a slight improvement in every cas 
Summarizing the effects of rate 


process¢ 7 develop the 


and 4 decay ratio and 


tional plus-rate action 


PHOT? 


| 
action on th 


considered in Figure 
eral rule 

control if the distance-velocit 
lag is small compared to the effective lag 
P rate citect 
elf-regulation than on thos« 


P rate action improve 


action has mor on processes without 


with self-regulation 


> rate action greatly improves thi two 


ontrol of pure 
ind three- ipacity process 


CONTROL CHARTS FOR 
PROPORTIONAL ACTION 


Sometimes by 
to find the 
r;, To; I 
proce: 
I’, is 


next large t, et 


analytical methods! it is po 
the 
the distance-velocity lag I 
M of Figure 2 C1) 

the I. th 


Knowing these characteristics, on 


constant 


ind the 


lor CONVCI 


process characteristics time 
ecnsitivit 


taken to be largest time constant 


might proceed to calculate the process-reaction 
or frequency response and then find controll 
of the 
lor a number of proce 


tings by one above method 
much of th 
the use Of CO 


which were de eloped 


ses, however 
work has been eliminated by 
trol chart Vhese chart 
Ziegler Nichols, tell propor 
tional controller so that will 
have a } ratio. ‘They also give the operating 

An example will serve to illustrate then 


tediou 


md how to adjust a 


the recovery curve 
decay 
frequency 


Lise 


Three-Capacity Process 


Ihe reaction curve of Figure ind the fre 


nr 
response of Figure 
three noninteracting 
| 
Vl 2 


capacity proce ss” 


3 were drawn for a process ha 
time constants: T, lm 
min, ‘I | min, and a process sen t 


li /psi Suc hi d process 1S called a three 
lo enter Figure 8, which is thi 
appropriate control chart, the dimensionless pro 


characteristics » and A must be calculated 


lr; + 7 


] 1.0 
] LO 


On the horizontal scale locate the point » O an 
solid 
Opposite this point on the vertical scale read the 
6.0. ‘The 


ibout 


proceed vertically to the contour A iz 


dimensionless-sensitivity setting 1 dimen 
dashed contour) 1 
1.0 
the actual proportional sensitivity S and frequen 

new r 


sionless fre quency 


at the point p» 2.0 and a l'rom these value 


can be calculated, using the formulas on the 





TWO CAPACITY PROCESS 
WITH DISTANCE-VELOCITY LAG 


-t 


ij / 2(3.14) (2.0 


Thu 
| ) psi 
decay ratio, the operating frequency 
I hie ¢ 
method of 4 decay ratio 

What would happe nif the proce 
2 1ibiti | 


if the proportional cnsitivity 3 idju ted to 


in., the closed loop will oscillate with a j 
being 0.2] cpm 
by the 


ar precisely the values found earlier 


time constant 
min and J 

M left unchanged 

0 that 
how 


he ct 


were doubled (‘1 
2 min 
L hie 


ind the proc ensitivity 


vould remain the sam 


L hic 
itivit 


psi/in but the operating Prequenc 


ot jt and A 


6.0 and . 26 


alin 
calculation 
till 


Wo 


in 4 
that the proportional sen would 
a i.5 

ut in half 


Other pe lal proce ( re iti 


rt } 
1 Y 


on thi 
proce | t 4) 


luded raph 
that 
il] pure two pro 
contour A QO. Tf the 


two noninteractin 


two-capacity 
A | | 0. Hence 
located the 
were characterized bi 
constant ] 1 min, J | 
\l 2 in 


{) a pure 
ipa ifs 


( ( are On 


proce 


time my nad 


proce ensitivit psi then 


/ 2(3.14 ) () 


the number of equal tin 
} to tional sensitivity 
from | h means that 
reased At the 


mcrea ed from 


constants im 


By reducing 


thre the propor 
in be reased » to | vii 
the offset is ce thi Th 
ime time the operating frequen 
1 to 0.72, a significant im recover, 
both case thr of stability 
is maintained in the closed loop 


ot l< cl otf at 


Proce j aid 


proc from 


lik 


in ratio 


cment 


me degree 


lnpro 
time. hh 
! decay ratio 
If the 
finite 


to have 


curve do 
then th 


ancl it 


proc reaction 


in line igure 9 
haracterized by 
t tir 

I, 0) 


ting 


clf-regulation 
In thi ise th 

oO that p 

ha ini 

ulatio 


no 
i reaction rate R con 
tant 1 
Thu all proce ( 
ind no self-res 


infinite 
onimtera 


ipaciti ited on the 


ertical 
lor exampl 
regulation, having 
| 1 mun. ‘The 
ps! hus i three 
two hnite constants and 


AXI 
consider i p without self 


constant 


reacnhion rat 


time min and 
tiiihh 


ipa t 


ire tin 


PROCESS WITH n EQUAL CAPACITIES 








1 


From the control chart , 1.6 and » is about 
equal to 1.4. On using the alternative formula for 


vy given in Figure 8, one find: 


1.6 a ‘ 
0.5(20 1.6 psi/in 
14 


0.1 v 
2(3.14) (2.0) | cpm 


Two-Capacity Process with 
Distance-Velocity Lag 


This question often arises in the design of a prov 
ess: 1s it more advantageous to reduc 
velocity lag or to reduce the time constants for 
improved process control? ‘The control chart of 
igure 10 helps to answer this question for a process 
with two time constants and a distance-velocity lag 
Here, two dimensionless 
cribe the proce 


e the distance 


parameters, » and é, de 
characteristics. ‘he dimension 
less sensitivity v is plotted on the vertical axis 
Suppose that a particular process 


characteristics 


has these actual 


L I min, 7 10 min, 7 1 min and M 1 in. /psi 


Ihe control chart of Figure 10 helps determine 
whether more benefit is gained by reducing L, ‘I 
| 4 

For this process, as found from Figure 10, 

ju (L + 7')/7; (1 

= L/(L + 7) 1/(1 

Then, from Figure 
I hus, 

Ss v/Mu 1.45/0.2 = 7.2 psi/in 

f w/2n(L 4 T's) 1.5/4” 0 12 epm 

Now suppose T’, is reduced so that T, lr; 

L, 1.0 min. Performing the above calculations 
after finding the appropriate values of v and » from 
the chart yields a proportional sensitivity of 1.4 
psi/in, and a frequency of 0.18 cpm. ‘Thus, reducing 
T’, is bad for control because sensitivity has been 
reduced from 7.2 to 1.4. 

A second trial reduces the smaller time constant 
I’, from 1.0 min to 0.1 min while keeping L | 
min and T, 10 min, This improves sensitivity 
somewhat, the new value being 10 psi/in 

Finally, if the distance-velocity lag is reduced to 
0.1 min and the other characteristics remain at their 
original values, the resulting sensitivity increases to 


5 and w 1.50 
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32 psi/in. and the operating frequency to 0 27 cpm 
I'his means that the reduction in the distance 
velocity lag increases the proportional sensitivity by 
a factor ms 4.5 while maintaining the same stability 
in the recovery curve. 

I'he above analysis shows that reduction of the 
distance-velocity lag makes the greatest improvement 
in control. It is also desirable to reduce the smalle: 
but not the larger, time constant 
are rules of thumb which apply to many other type 
of processes 


These conclusion 


One-Capacity Process with 
Distance-Velocity Lag 


The control chart of Figure 10 also includes the 
type of process for which T, equals zero. ‘I he di 
mensionless sensitivity » found from » L/1 
as read along the ¢ 1.0 curve. 

Analysis of this curve and its associated equation 
indicates again that excessive distance-velocity lag 
adversely affect process control. Performance is som« 
what analogous to that of the two-capacity proc 
with distance-velocity lag. 


n-Equal Capacity Process 


Some processes contain several noninteracting 
equal capacities; a fractionating column is a possibl 
example. For this type of process the control chart 
of Figure 11 gives a good setting for a proportional 
controller. ‘The two upper curves show the product 
of process sensitivity and controller sensitivity, at 
decay ratios of unity and 4, depending upon th« 
number of equal time constants n. ‘The two lowe: 
curves show the corresponding operating frequen 
cies. For small values of n the addition of anothe: 
time constant produces 4 pronounced drop in sensi 
tivity and also in frequency. For large values of n 
the sensitivity does not change much if another 
capacity is added. 
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Consider Using HYBRID AMPLIFIERS 


A new technique is being used in automatic control—the hybrid am- 
plifier. It's based partly on elements and components just recently de- 
veloped—germanium, silicon, and selenium diodes; tantalum electroly- 
tics; germanium and silicon transistors; and magnetic toroids wound 
on cores with rectangular flux-current loops—and partly on older ampli- 
fication methods involving the vacuum-tube amplifier with its associated 
components. This combination of old and new widens the application 
area for control amplifiers, and permits new levels of performance, 
reliability, and miniaturization. The following outlines the system char- 
acteristics of a few of these hybrids. 


GEORGE M. ATTURA, Industrial Control Co 


I'wo problems created the need for hybrid ampli 
fiers: the limited reliability and power supply capabi! 
ities of all-tube amplifiers, and the limited gain and 
performance possible with even the best magneti: 
amplifiers. ‘The obvious limitations of the all-tubs 
amplifier in complex systems provided the impetu 
to development of magnetic circuits to replace thi 


HYBRIDS ARE FORMED BY COMBINING 
THESE SIGNAL AMPLIFIERS 


VACUUM TUBES 


tube in control applications. The bulk of the new 
program was directed toward the problems of stag: 
gain, speed of response, null-point drift, stability 
with line power and environmental changes, and 
circuit miniaturization. ‘The control engineer's aim 
however, remained to achieve the circuit perform 
ance of the tube amplifier. ‘This is understandable 
since much control art developed around the tube 
amplifier, and most available control component 
are designed to mate with tube-circuit package 

While the overriding virtue of a well-designed, all 
magnetic circuit is its reliability, it cannot compare 
with the tube amplifier in stage gain, bandwidth 
high input impedance, and low-level operation. ‘Whe 
need for complete reliability may point to a magneti 
circuit, but the control engineer may be loath t 
acrifice the degree of system performance he ha 
become accustomed to through his experien e with 
tube-circuit packages. 

[here are two reasons for the difference in per 
formance between the vacuum-tube amplifier and 
the magnetic circuit. A magnetic amplifier is con 
trolled through the flux level in a core, resetting it 
from its saturated value to some initial flux densit 


Most widespread use, highly developed 
circuitry, appreciable dissipation per 
stage, reliability acceptable only with pre- 
mium tubes* and derated circuits, high 
stage gain. 


TRANSISTORS 


Recent development, manufacturing teth- 
niques not fully stabilized, circuitry under 
intense development, good reliability with 
best transistors available, low dissipation, 
moderate stage gain. 


MAGNETIC AMPLIFIERS 


High-speed circuits, core materials and 
components well developed, good reli- 
ability possible, stage dissipation high in 
many circuit configurations, low stage gain, 





FIG. 1. Amplifiers: A, vacuum-tube, and B, magnetic. In 
vacuum-tube unit, control signal into negative grid sees very 
high impedance; absorption is low. In magnetic 
amplifier, control signal must supply power to control coil 
to change flux level during reset 


power 


FIG. 2. 
magnetic 


Differential amplifiers: A and B 


vacuum-tube 














FIG. 3. Single-ended 


vacuum-tubc 
and B, transistor 


reversible amplifiers; A 


as required to give the desired load action. ‘This 
change of flux requires electrical power from the 
control circuit or driver, the energy pel 
half-cycle of being proportional to 
the area under the flux-current loop of the material, 
and to the weight of the core. Theoretically at least 
it is possible to design a toroid wound on a very 
small diameter core using wire of such a small cros 
sectional area that a large number of turns can be 
accommodated. However, practical limitations to 
core diameter and wire size are dictated by manufac 
turing difficulties and winding problems. ‘Thess 
effectively limit the cor 
to about 4 in 


powe! Or 


line voltage) 


diameter of usabl 
and discourage of 


inside 


the use wire finer 
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than 


ophi 


+4 g 
ited 
cl 


grid of a 


Thi 


magnet 


that even the 
circuits requir i 

than that 
vacuum tube, Figure | 
implifier has low 


ig net result i 


ti 


power | much greater 
the 


magneti 
‘ 


nece iry ft 
drive Thus the 
power gain 
impedance acuum-tubs 

‘The second problem the null-point 
the magnetic amplifier | 


ignal l 


amplifier 
tability 
concerned with 


compare d toa 


how 
carried in the he reversibl 

netic amplifier can be considered a balanced o1 
ferential amplifier 


lige ce 


circuit 


| igure 
the 


ignal intel 


el betwec 


2, in which 
difference 

cparate his technique is similar te 
that used in double-triode differential de amplifier 
Ilere, as in the thi 
lems of carefully balancing and stabilizing the 
ot 
and requiring that both sections track over a limit 
But like the double-triod implifier, thes 
requirements can never be completely satisfied, and 
of the taken, the null point 
umplifier will drift with line ind fre 
temperature, 


carried a in ley 


two echon 


vacuum-tube circuit, are prob 


dependent transfer characteristics each sectio 


ralige 


regard 
of the 
quency 
The d 
tation 
about 
the 
output 


precaution 
voltage 
ind component aging 
igner must either accept these basi 
of the all-magnetic circuit 
ror fresh 

hybrid amplifier 


tructure 
One 
combining the 


Or Cy 
lic 


magnet 


One ipproach answel 


in 
tage with a transistor or premium vacuum 
tube bi-directional amplifier, Figure 3. This combi 
nation the sensitivity and performance of the 
vacuum tube and the efficiency of the 
magnetic output stage. Complex characteristi in 
be obtained from control circuits that are capabl 
of reliable 


rang¢ 


ha 
transistor oO 


operation over a wide environmental 
in be packaged in miniature enclosure: 
will operate directly from the ac line with high effi 
And circuit characteristic ul 
pass even those of all-tube amplifiers 


But the big question i 


ind 


CICHICY ometime 


The ( 
transistor o1 
uit life 


reliability. 
the 
link, with a cir 
poor that it rules ill other advantags 

lhe transistor offers the for a hybrid 
circuit with an overall reliability equal to that of 
the output alone Although ther 
were production problems in the early stages, a well 
made 


comp! 
be con idered if 


ad we ak 


nation annot 


icuum tube is 
out 


best chance 


magnet stage 


PCTINADLUM OF ilicon transistor, operated 1h} 


1 controlled environment, is fully as reliable a phy 


ical device as a core and coil, and potentially more 


reliable than a fabricate 


d multi-plate selenium r 


tiher, a common component ot magnet amplifier 


transi 


{ 


tacturers 


short tin 
shelf and 
in fact, several manu 
that can be ex 
xcted to operate many thousands of hou 


that within a 
with indefinite 
- at the moment 


here i indication 
tors will be available 
yperating lives 


CVCT\V 


have available transistor 


without 


maintenance or replacement 


( 


tubes 
reliability 


With vacuum th somewhat 
Most reports on vacuum tubs 

leal with equipment in whi h many tubes, designed 
ror 


ituation 1s 
imilar 


yrimarily the radio industry, are cascaded t 


ind mput 





rf omplex function, and here the equip 
rate is not that of one single tube, but 
I tatistical probability of one of very 
yung bad. Also, the powel output and rectihe! 
ry high voltage: ind thus dissi 
pate large amounts of power in the tubes The at 
tendant heat rise i 
of failure 
[his suggests that if premium tubes are used in 
mall numbers, and their function limited to low 
level, low plate di ipation umplifier good equip 
ment reliability can be expected. ‘This is exactly th 
ind the result 


power output tage 1 


ind current 


generally the greatest single caus 


ituation in a hybrid amplifier. ‘Whe 


magnetic, and the tube op 
rates at low plate dissipation with low temperature 
( Also, fewer tubes are nece ir\ \ typi il tube 


unplifier might have two power 


output 


one rectifier ind two voltag 

1 total of five with three of thes operating 
it high dissipation level Its hybrid equivalent 
low-level tubs md a 
output tage The reliability of thi 
everal orders of magnitude better than that of the 
all-tube circuit 


impli fi I 


consist or om magnet 


ynbination | 


Premium tubes are available toda 
with expected operating live of 5,000 to 10,000 
hours and with overall performance and _ reliabilit 
that warrant their inclusion in limited number in 
magnety amplifier hybrid 

[he following sections discu typi il hybrid am 
plifier for five different types of ipplhi itions. Som 
of the units POss¢ characteristics that cannot b 
duplicated with other type 
crtain instances 


of amplifier Thus in 
the hybrid magnetic circuit emerge 
not just as a replacement for an all-vacuum-tub 
amplifier, but as a means of achieving a degree of 
miniaturization, performance, or efficiency hitherto 
po ible 


lhe miniaturization that i possible with 
hybrid 


implifier is particularh important in. ai 


borne application 


INSTRUMENT SERVO AMPLIFIERS 


Probably the largest singh 
netic circuit 


ipplic ition of may 
today is in instrument servo Thes« 
positional or velocity ervo systems drive a load 
whose mechanical power requirements are belov 
teow watt 


j 
In man is( because the reflected load 


ric.. 4 Photograph and 
chematic of low-power 
transistor-magneti m 


pliher 


| ly] TY 
fo the motor 1 negligible ror purposes 


the motor is running fre usually 
two-phase, low-inertia unit 

peed characteristics 

Figure 4A shows a mimatur istor-mag 
netic 400-cps amplifier used for « w the BuOrd 
MK 14 and MK 7 servo moto Overall dimen 
ions are 2 x 1 21/32 x 4 in vith a weight of 
Iso igure 4B shows the loop terconnection 
Notice that only six 
for input, two for output, and or 117 volt 
4$()() cp from the 
line and meters it to the rvo iccord 


ance with the error signal No powel! ppl | 


connections a irv: two 


The amplifier drav 


required, and line voltage and f cv need not 
be regulated Ihe internal temp e rise is onl 
1 few degrees centigrade, and a 


protect d by 


mponent ir 


encapsulation im re ind by the 


caled metal can Ihe powell ’ of x 10° 4 
tiometer servo 
of thi type and the output zero clot not shift 

voltage Or jue Phi 
hybrid amplifier has these a leva 


idequat for most synchros or pot 
with temperature 
int 0 i 
uum-tube, transistor, and magneti 
P no need for the powe! upp! 
uum-tube or transistor output 
P internal temperatures low: « vation in the 
output stages low compare icuum-tube 
or transistor unplifier 
> smaller and lighter than ce icuumM 
tube and magnetic amplify 
P none of the zero drift usua 
iscaded magneti unplifies 
P faster re POTIS( than iscac 
net 
© fewer wire 


in the 


higure how l iilar a 


tom ha 


tional transistor stage "iVil " t mnpedanc 
or U megohm nie | itput | 1 40-millivolt 


input erial Thi epresent 


powc! PA 


of x 10°, a value almost imp vith all-mag 
neti unplifier I he 174 | _ 
ion ind weight (23 / cn ( than 
vhat can be hieved bi 

Replacing the tran 
t with a 


vacuum tubs 














FIG. 5. High-gain 
transistor-magnetic am- 
plifier; similar to Fig- 
ure 4 except that it has 
two transistor stages. 


VIG, 6. Vacuum-tube-mag 
netic amplifier; similar to 
Vigure 4 except that tube re- 
places transistor. 


FIG, 7. Vacuum-tube-magnetic strain-gage indicator. 


Figure 6 


The premium-grade tube is operated at 
conservative dissipation and element voltages. No 
power supply is required, for the element voltages 
are supplied from the magnetic circuits. ‘This ampli 
fier has all the features of the one shown in Figure 
4, and in addition boasts higher gain, principally 
because of the greater stage amplification possible 


Ihe size is 2} x 2% x 5 in 


with the vacuum tubc 
and the weight is 24 oz 

The strain-gage indicator shown in Figure 7 also 
uses a vacuum-tube-magnetic amplifier. ‘This appli 
cation is interesting, since the strain-gage bridge is 


de-excited, and the amplifier must develop full 
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output for 200 microvolts of dc input. A mechani 
chopper modulates the de error voltage Thi 
followed by a two-stage tube signal 
drives the magnetic output stage. Only two premium 
tubes are used, with the B limited to 20 milliamp 
at 150 volts de. The null stability and gain 


ot thi 
unit cannot be achieved with an all-magneti mpi 


im piihie that 


fier, while the size, weight, power consumption ind 
reliability cannot be matched by an all-tube equiva 


lent 


HIGH-POWER SERVO AMPLIFIERS 


For loads greater than those in the instrument 


class, larger motors and actuators must be used 
These could be high-powered versions of the two 
phase instrument motor, shunt or series dc motor 
clutches, mechanical torque amplifiers, and hydrauli 
motors. ‘'wo examples of hybrid amplifiers are 
given here, one to drive a high-power 60-cps two 
phase servo motor, the other designed for a 30-watt 
Figure 
magnetic amplifier driving a 50-watt two-phase motor 


r 


dc motor § shows a 60-cps vacuum-tube 


from a 117-volt, 60-cps line. The system includ 
a synchro data system and tachometric stabilization 
The amplifier weigh 

other than 117 volts is 

The unique feature of this amplifier ; 

gain and input impedance: a saturation input of 
100 millivolts 
ohm 


12 lb. and no power source 
necessary 


rms at an impedance level of | m 
This allows the synchro and tachometer 
nals to be mixed with summing resistors, the variou: 
scale factors being set by adjusting the resistor 


a 


vacuum-tube-magnetic amplifier 


FIG. 8. High-power 
for two phase servo motor 


FIG. 9 
transistor-magnetic am 
plifier for ce servo 


High power 


motor 





rIG. 10. Transistor-magnetic velocity-servo ampli 
fier with permanent-magnet dc motor and tach 
ometer 


Only two premium tubes are used, and the element 
voltages ar clenium 
rectifier power supply built into the amplifier. ‘The 


Zero | table, 


derived from a low-current 


ind the amplifier can operate over a 
wide temperature range 

lhe amplifier shown in Figure 9 drives a 30-watt 
de series-wound motor. ‘The circuitry is transistor 


magnetic. Since silicon transistors and power recti 


hers are used, operating temperatures of 75 C can 
be tolerated with no change in gain or zero. Ther 
are two transistors in the circuit, one in the ampli 
fier proper and the other in the switching circuit 
required by the fine 
tem. ‘Tachometric stabilization is used 


[he interesting feature: 


and coarse-speed synchro 


of this amplifier are it 
ze, weight, and efficiency. Overall dimensions ar 
only 34 x 7 x 74 in.; weight is 34 Ib. The eff 

high, with standby line current approxi 
mately one third the current under maximum output 


ciency ij 
onditions. ‘The amplifier responds well, with a time 
delay of only one-half cycle of line frequency. Ca 
iding additional transistors for high gain does not 
increase this time constant. The hybrid circuit i 
versatile and the sam type amplifier can be used 
for dc motors in the integral hor cpowel cla 


VELOCITY SERVOS 


Although in most cas« 


1 positional amplifier can 
by ll ed in 


velocity servos, special amplifier design 
often can take advantage of possible simplification 


hus, if only one direction of rotation is required 


thi loop need not be reve! ible 11s0 
tabilized than 


velocity servo 


more easil positional servo result 


in umnplifier pecih¢ illy engineered for peed-control 
ippli ition 

The amplifier shown in Figure 10 is particular! 
interesting because it has no icuum-tube or mag 
netic counterpart. It is essentially a high-gain, single 
ended, d 


It driv 1 miniature perman nt-+magnet motor from 


unplifier with transistor- magnetic circuits 


rIG. 11 


fier for two-phase servo motor 


I'ransistor-magnetic velocity-servo ampli 


a dc command voltage and a d meter. It 
unique because it is a sing tructure 
that has little dnft, thus allowin iwonreversible 
velocity servo with good stability and accura Lhe 
low-drift feature results from the hybrid circuit; i 
would be very difficult to duplicate its performance 
with cascaded single-ended vacuum-tube or magnet 
As is usual in thes 


the output stage generat the 10 watts of cd power 


tages umplihes magnetics im 
for the permanent-magnet motor, and a single tran 
sistor Serves as a preamplifier Ihe error signal 1 
ind de t 


necessary. Lhe size is 34 x 24 x in. and 


amplified as a de signal nodulation | 


weight is 23 oz. Operation is d from the 1] 
volt, 400- ps line 
\ more elaborate amplifier 
It drives a two-phase, 400-cp BuOrd 
MK 7 Mod 0) in a reversibl oop from a 
de signal. In this application t accurac' 
paramount, and to avoid all drift errors the d 
ignal is modulated with a synch 
1 hi output tage 18 again ma 


biguyre 1] 


hopp I 


ic Output for the two-phiase te ransistor 
crves as an ac amplifier, driving | netic stage 
Lhe two tube hown serve a ta ulator 
for establishing a stab | th 


command potentiometer, ‘The packag ilso 


contains the de powe! upp! ‘ r thi 
channel. Size is 28 x 4x 42 in 

Hybrid amplifiers can also be 
powell velocity servo lhe d ! favorite 
ictuator because of it maller 
ize when compared to a two-ph In 
i typical design for ) watt f sl powel 


i full-wave, nonreversible ma t itpu tag 


drives the motor, and a two-tub uplifier raise 
the signal level sufficiently to he magnet 
This circuit has been 

data In the latter 

modulates the de error 


Often complex te 





Fig. 12 l'ransistor-magnetic, 


400-cps relay 
amplifier and relay 


relay operation where the relay must be energized 
vhen certain threshold levels are exceeded. Hybrid 
circuits can be used in this application, since they 
offer a reliable, sealed package with no power sup 
ply required other than the ac line. A single-ended 
magnetic amplifier can easily supply the few watts 
of de power required to drive a relay, while a tran 


sistor provides the additional amplification. 


RELAY AMPLIFIERS 


Vigure 12 show: 
a sealed, four pole, 


It drive: 
double-throw relay with a coil 
rated at 30 milliamps de and 400 ohms 


a typi al relay amplific t 


The ampli 
fier uses transistor-magnetic circuits, operates reliably 
at temperatures up to 75 C, and closes the relay 
with 160 millivolts rms into an amplifier input 
impedance of 50,000 ohms, ‘The only power required 
is 117 volts, 400 cps. Size is 1 21/32 x 2x 42 in 
and weight is 18 oz, Like many of the others shown 
the circuit is embedded in plastic for maximum 
environmental protection and reliability 

hese relay amplifiers can be made very sensitive 
Stability and speed 
of response are not affected, for the additional stages 
function as linear ac amplifier: 


by cascading transistor stages 


I'he theoretical gain 
limit is set by the noise characteristics of the input 
transistor 














CCW output 
stage 


FIG. 13. Schematic of torque motor and amplifier. 
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TORQUE-MOTOR AND CLUTCH AMPLIFIERS 


Some electromechanical actuators use a diff 
magnetic field to deve lop a mechanical force 
current-carrying coils are mounted opposed 
the net magnetic effect is proportional to the 
Thus the 
hysteresis clutch generates 


ence current reversible eddy-ci 
all output tor 
tantially independent of velocity, and propo 
to the difference 


drive coils. In the d 


between the current ir 
torque motor, two 

carrying coils set up a net magnetic field that 
acts with that of th 
gencrate a proportional torque over a limited 
All these actuators ar 


circuit 


permanent magnet rotor 


driven by the rye 
ingle-ended input and two-chann 
wire output, Figure 13 

Again, hybrid amplifiers are well suited t 


application. ‘The four-wire de output is gener 


Vv a magnetic stage, and the necessar 


hIG. 14. 


uuplifer 


Vacuum-tube-magnetic torque-motor 


lished by a vacuum tube or transistor. Fi 


shows a vacuum-tube-magnetic amplifi 
Maximum moto 
occurs with one coil cut off and the other 


| amp into 35 ohm 


driving a de torque motor 


Ihe saturation input 
volts rms into 0.5 megohms, 


of approximately 3 x 10! 


PIVINE a pr 
Half-wave magnet 


cuits are used for the output stage and the premium 


I 
tube preamplifier works at low plate dissipation 
Ihe amplifier has a stable zero and quiescent leve 
ubstantially that set 
Since thi 
pat k ie 
Overall size 1 


1 


and the speed of response 1 
by the motor-coil time constant 
used in airborne applications, it 1s 
compact, plug-in assembly 


} im. and it weighs 2} Ibs 
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Be Sure to Consider 


HUMAN DYNAMICS 


The human operator can inject many vagaries into the control loop 
Hence the factors that influence his dynamic response should be con 
sidered when the system is designed. In October 1954, this magazine 
carried an article by Joel Greene, “Man as a Servo Component”, 
which described the effects of position, velocity, and acceleration con 
trol signals produced by manual movement of a control lever in a 
following or tracking situation. In this article the authors consider the 
other facets of the same situation: the force and displacement char 
acteristics of a control lever that best fit average responses 


NORMAN AVRECH, The Ramo-Wooldridge Corp., and JOHN LYMAN, UCLA 


Iluman operators are often called upon to act a forces largely determine the ideal 
error-correcting mechanism In many of these in displacement relationship. ‘Th 
stances the operator’ performance cannot be con tracked variable chang« influen 
veniently compacted into transfer functions. Such required frequency response of 
factors as incentive, fatigue, effective state, and ilso the design parameters of th 


pl chee iry widely with a given individual and ystem, ¢ pecially the gain. Som 


unong various individuals, and about the only gen vstems have two levels of gain 


cral statement that covers all of these nonlineariti being the fine and coarse tuni 


that, by and large, humans adapt to a particular radio receiver 


task with the most suitable “transfer function . ; 
their repertory of behavior Experimental Variables 


\n operator can visually ignore his movement his articl | 


is based on 


1 he actuate i control le CT Or whee] but he will human operator vho Wal 
neverthele receive direct information about thes biti 


movements from kinestheti ensory nerve Lo tempted to } c the 


on a cathode 
cated in muscles and near joints, these nerves send cither appl 

their most accurate signals during dynamic con 

dition I hat is, if a muscle is tensed or a position 

is held for a long period the associated kinesthetic 

nerves are not likely to transmit very accurate infor 

nation on the relative position of the static mem 

bers. If the motions are too small, nerve excitation ray or potentiometes } 
may be limited; if they are too large, the inertia of idvantage f either of these 
the body members will retard response time and important for th 

may introduce highly nonlinear signals. Hence, the Another basi 


portion f the body called on to furnish control ther type or 





)\t) 
+ 








Visual 
link 








motor link 


FIG. 1, Block diagram of experimental setup 
Within the human operator is a neural loop, pri 
marily a regulator (type 0) positional servo, but with 
velocity and acceleration components, too. Here fre 
quency-modulated nerve impulses provide the brain 
with information on limb dynamics and_ position. 


experiments described here, this gain is that of the 
amplifier, relating a pip displacement to a control 
lever displacement or force. C. B. Gibbs demon 
strated that each type of control (force or displace 
ment) has some optimum gain for a given error 
signal frequency, and that the force type of actuator 
yields smaller average errors 

In many actual systems the effects of an input 
to the control actuator is proportional to the dura 
tion as well as the magnitude of the input. ‘These 
systems are called “rate aided”, and have “rate aid 
ing’ time constants. An example of such a condition 
is steering a car. Kither a small or maximum rotation 
of the steering wheel can cause the auto to turn a 
full circle, but if the car has a constant speed, the 
small rotation will require a large turning radius, and 
consequently more time for the full circle to be 
completed 


lhe choice of the time constant (speed 
in the case of the car) is roughly of the same im 
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Stondord deviations 








0.4 0.8 1.2 
Isometric tronsfer gain in inches ; 
pip displacement /pound of applied force 


0 40 
isotonic transfer gain, in inches of 
pip displacement /inch of applied handle displacement 





FIG. 2. Gain for either force or displacement (iso 
metric or isotonic) plotted as a function of mean 
error. Note that the standard deviations of the most 
accurate mode (force at low gain) are greater for 
displacement-signal-activated control systems at any 
gain level. 


portance as the gain (steering wheel ratio) in the 
design of a human-controller system 

Figure 1 shows the experimental setup used to 
explore the influence of force and displacement 
controls and gain or rate-aided time constant on 
tracking accuracy. ‘This research was carried out 
at the Biotechnology Laboratory of the Engineering 


Dept of UCLA. 


The Setup and Results 


Sixteen male subjects from 23 to 30 years old 
observed a pip on a cathode-ray tube moving in 
horizontal steps of four right-hand or left-hand 
magnitudes taken in random sequence. ‘The defle 
tion voltage was terminated after cach step so that 
the pip returned to its central position after each 
deflection before the next offset. Each test run 
lasted for 1 min, with the steps appearing intermit 
tently at times ranging from 0.41 to 1.50 sec. ‘The 





ubjects were instructed to return the pip back t 
its central position after any deviation as rapid] 
ind as accurately as po sible by means of a bicycle 
handle 

Vhree error bands were established in computing 
a weighted “time off target ore aS an erro! 
criterion measure. A resumé of the experiment’ 


Figure 2A sug 


obtained with 


results appears in Figures 2 and 3 
gests that 
both control systems at low values of transfer gain 


upenior performance 1s 


that is, when either a large force or displacement 
produces a given pip motion his experiment 
did not determine the lower limit of gain for the 
force-deflection system, but indicated an optimum 
ratio of about in. of pip movement to | in. of 
An im 
portant factor to keep in mind about the force 
deflection system’s results is the high rate 
fatigue will increase with low-gain force 


control movement for the isotonic system 


it which 
system 
l‘herefore, the duration of the control situation must 
be considered in establishing the optimum fore 
Paill 

Ihe results of thi 
tudies of force-discrimination made by various psy 
chologist hat is, curves of force-discrimination 
size of discrimination increments versus 


experiment correlate with 


applied 
force) indicate high sensitivity to force changes in 
the range of the low-gain forces used in this experi 
ment. The evident superiority of force control at 
low-gain levels in part, associated with the 
“self-centering” characteristic of this type of control 
One might also say that the nervou 


may be 


ystem 1s more 
ensitive to muscle tension than to limb motion 
I'he self-centering characteristic of the 
control was 


isometru 
absent in the isotonic control, and 4 
both became more sensitive at high-gain levels, th 
advantage of the force tended to d« 


CTeASe possibly because of lo of self-centering 


control 


ontrol be 


maton 


| 1! illy, 


me Cxc l ely 


it reached the point where the 
ensitive to minor fo 


uch as the natural tremor of the operat hand 
Variability 


iriability 


control IS al 


‘or practical applications the relat: 
of performance with the two types ot 
important consideration. Even though the a 
system may be uperior, SCOT 
iriation among this system’s test subjects might be 
(he standard deviations of the various tran 
fer gains and time constants are plotted im b igure 


2B and 3B. While the mean scores in ligure 3A 
indicate that the isometric (force) control is clearly 


core obtained in one 


greater 


uperiol for all time-constant levels with rate-aiding 


vstems, the standard deviations (rms of the devia 


tions) were less for the isotonic (displacement) sy 

tem, except at one rate level. ‘This implies that for 
rate-aided systems, and possibly for some simp! 
positioning systems, isometric (force mtrols otter 
higher average accuracy, but isotoni isplacement 

ontrols offer greater uniformity of performance 
of the ton ystem 


ire clustered closer to their mean value, and that 


his means that the score 
i po ition boost 1 corrective di pla ement which 


wccounts for operator time lag during elerating 


target conditions) will produce bett ores with 
the isotonic system than with the isomet cle pite 
the latter 


po ition boost 


generally without 


Studies now in progr vill deter 


mine what generalizations can be mad mceming 


upenol ivCcraye { 


the optimum combination of force- and lacement 


ictuation mod Lhe 
the results indicated here At the least, thi tuc 


hould pro ide the 


will probab Kt! ipolate 
tem designer with ne idea of 
the magnitude of operator-performance provement 
obtainable bv attention to the Ih 


function 


transfer 





FIG. 3. Mean errors in rate 





® /sometric 


® /sotonic 


Stondord deviations 
An 


1ided control situations are 
consistently less with iso 
metric (force) control levers 
but their standard deviation 
indicate greater variability of 
performance 
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as the future of UNIVAC. 


When planning your future, it is necessary to Now is the time to come to Univac where am- 
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the individual. Excellent salaries, benefits and Immediate openings for: 


educational programs are yours to guarantee this 


FIELD LOCATION ENGINEERS with a college de 


limitless future 
gree in a scientific or engineering field and experi 





At UNIVAC you will be working with men who ence in electronics. Extensive electronic back 
developed much of the basic knowledge of com- ground may substitute for some college. Many 
puters—who designed and produced components opportunities for rapid advancement 
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gineering responsibility. 
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DIGITAL APPLICATION SERIES & 


Programming Scientific Calculators 


THE GIST: Programming a problem on a calculator consists of two major 
steps: putting the problem into a form that the computer can solve; and 
translating this form into a language that the computer can understand. 
The scientist or mathematician gives the problem to the programmer com- 
pletely described in mathematical form. But this form is generally not one 
that the computer can work in. Hence the programmer must numerically 
analyze the problem, transforming it into still another mathematical formu- 
lation applicable to a computer's repertoire of basic arithmetic operations. 
Here the problem can be represented by a flow diagram, which then is 
translated into the computer's own language by a process called coding. 
This translation is done by hand, although sometimes automatic coding or 
computer-aided programming assists the coder. These procedures are de- 
scribed in the following pages, and illustrated by a problem actually 
solved on the NORC. 


JOSEPH H. WEGSTEIN and SAMUEL N. ALEXANDER, National Bureau of Standards 


tion 
| 
ution 
ribed 1 he inticipated betore it 
formulas o In the military field 
ecting a projectile in 
the situation differential 


ela worat the ingle 


equation < projectile 


| 
j Ls | Ase 
ror a DIS ch ph Ica piie lirection 


i vithin an atom rotation a 
sometim t dicall difterent paramcter ows 
nathemat rodel in DK 1st ( Thi onrput then 


phenomenon 0 tion ind print it 


1 
. ' . f 
~ neutron I ra uch Iscru 


n be likened t thi high thi proy til 


la ich can be de it vill expl mal 


ii 
hematically b partial dif nathematically imitate a ] | 
juation olvable with a ition and, by olving the eq lation 

mpute On the other hand, neu inticipate the results without actual] 
tron im a be regarded as aim ecing OF doing the experiment 
vandere here, too, thei path Ihe need for projectile data gave thy 
in be traces th time by the com initial impetu to dev pment of 
puter Iracing millions of these neu irge-scak compute! Ilowever 1 


' ; 


nve imformation these computer gan to appear, it 
, ; , ' 11 
milar to that obtained b wing the became possibk to im wate yy 


on path might 


yartial diff itial equation In either i ituatior | first time 





FIG. | 
PROGRAM FOR COMPUTATION OF PARTICLE From scientist 


TRAJECTORIES IN THE FIELD OF THE EARTH to programmer 





I, EQUATIONS OF MOTION 


We wish to study the trajectories of charged particles, primarily 


Py 
protons, in the field of the earth, represented by a mag.ietic dipole. . 


dt | di 
We use a cartesian coordinate system (7, y, z) with the z-axis directed 


opposite to the axis of the dipole. The equations of motion for the ind certain pe imcd 
particles are, in Stormer units, tion An analysi Vill 
x (y y* -+- 2°) * 1(22* J yoy Byzi)} (la) how to numerical] 

v (2 Ut 2°) > {a + y* 2z°)a + 3222| (lb) or sponding to the 

z t 32 (h(x? -+- y? + 27) bt (x? + y*) (x? + y? + 27) -*] (le) his type of anal 
where h is a constant for each trajectory and is computed from the what implified by 
initial conditions specifying that trajectory, according to the formula ivailabl numerica 


in Section II. An additional relation is provided by the equation handling the mor 


Cpr yr e=1 (2a) natical expression 
Equation 2a may be used as a check on the integration of Equations In analyzing the 
la, 1b, and le, |, the differential eq 
infheis by di 
Il. INITIAL CONDITIONS —_ ‘- y om 
on _ , that they could 
lhe initial values of x, vy, and z are expressed in terms of parameters , ; t] . 
a, b, and @ according to the relations ~~ "7 
ef ; varial VC 
x 6 sin a b cos a i sin a — 
uv a y 
Zz 6 cos a + b sin a COS a 
The constant h, which appears in Equation 1c, is computed from the 
initial values for each trajectory by the formula 
h (xy yx) (x? + y?) (2? + y? + 27) 79/2 
The trajectories are to be computed for all combinations of the follow- 
ing values of a, b, and a 
0.5, + 0.2, 0 
0.5, * 0,2, 0 


. 


at 55 deg, 72.5 deg, 90 deg 


a: ee 
aa 
The total ber of trajectories is thus 7X 7 ! 7 “ 
i al number rajectories j 1U 7 7 3 147. Phen the Runee-Kutts 
Ill, CRITERION FOR HALTING THE INTEGRATION 


integrating simultancou 
The stopping criterion, as well as the choice of the integration inter- equations could be 
val, depend on the curvature C of the path, defined by formulas appear a 
Ct = a + 9 + 2? (3a) 


Letting 


then 


The First Step of Programming 


NUMERICAL ANALYSIS 


Once a mathematical statement has fied that depends solely on repetitively 
been obtained, the problem must un performing the common arithmetic 
dergo a further step, which may be operations of addition, subtraction, 
called analysis. As the physicist or ap multiplication, and division. For ex ” 
plied mathematician writes them, ample, the formula ; 6 
formulas and equations are often gen 
eralized, but are not necessarily in a 
form that can be handled numerically 
lor example, x, may be required, can be used instead of we ory 
where x, is the root of the equation once it has been established that this } u, for each increa 
formula represents the desired root ieee at of 
To give another example, the prob lor example, a plot nag 
and several different values for a, b, lem might specify that a value of of u, equals x “1 = 
and ¢ are to be tried. This is quite be used that corresponds to a particu x-coordinate of the be 
specific, but before the equation can lar value of t, where the relationship through space Cu 
be fed into a computer, an exact between y and t is given by the equa of y, Z, X, y, 2 ar 
method for getting x, must be speci tion lar manner 


b + 1 ha ' The same subroutin 
evaluate f, in each 
cessive applic ition 


formulas give the in 


ad + by ry ¢ 0 (1) 
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The Second Step of Programming DRAWING THE FLOW DIAGRAM 


( ‘ t f than 
I IG 2 | ti j | to 
A simple flow diagram oO th xit re the 


ou 








equal 
Ihe ‘ ’ tet I proceed 
iround the 
a large ind their square ing tablemaker 
mpk ted the quation notation, this can be restated mathe 
| > 


it¢ 


ote ire extensiy ind matically prepare a table of x, and y, 

m And it is at this point where y, equals x," and x, equals | (1 

yrogrammer must be able to 1,000 (x goes from | to 1,000 in step 

t] vhole pi blet paving ( ] Notice that these few word 
' ' 


ntion mal ri vecify a rather lengthy calculation 
irts must t t ligure 2 restates the imme con ept 
ful technique calle flow-diagram form 

has been pr il ‘low diagrams differ in detail, but 

by Goldste nd vo they are sufhciently similar to be read 
understood by programmers of dif 
ferent schools. Box 1 sets the first 
ilue, x, equals 1. Box 2 then com 
putes y, equal “oe equals 1. Box 3 


eparated from Box 2, because Box 


Actua! flow diagram for problem of Figure l 


a 





s the actual flow diagram used for the a equals 55 deg. In Box 2, the initial tiou steps Instead, Box 
problem described in Figure | values for the dependent variables are dicate that the comput 
This problem stated that the pa computed. In Box 3 the computer is teps, and after ever 
rameters a, b, and a are used to com instructed to identify the trajectory by if 1 equals 10, after eve 
pute the initial position and velocity printing a line on the monitor printer to print the value of the 

of the particle. Various initial con Ihe computer then enters a loop at velocity coordinates 
ditions are obtained by using the diffe Box 4, in which the Runge-Kutta When the trajectory 
ent values indicated for a, b, and a in formulas are used to compute a new iently linear, Box 14 

the table at the end of Section II in point in the trajectory. The new point connector a equals a,. ‘Thi 
ligure 1, Vor the computer to run is finally obtained in Box 31. The terminate the trajectory 
through this table, indices r, s, and t control immediately .eturns to Box 4, ifter Box 28, control 
ire assigned to the parameters a, b where computation of the next point With a, in control, the 
ind a, respectively. ‘These indices run begin 


Da 

r I 
ceeds to Box 33 and on to Box 

through the values 1, 2, 3, ete., whil Boxes 7 through 20 are concerned where new initial condition 

the computer runs through the tab vith determining when to terminate termined and the ilculat 

Thus, when 1 equals 1, a equals 1.2; the trajectory, what to use as a new computing a new traject 

vhen r equals 2, a equals 0.5; et time increment, and how often to Flow diagrams als« 

These indices do not appear in th print the position and velocity data grammer to verify logi 

computer as actual integers, but they for the particle. ‘To obtain high accu quence of everything to 

imply that the addresses of certain in racy, a very small increment of time It is interesting to not 

tructions are being modified. In Fig As, must be used. However, it is not point the entire 

ure 3, Box | sets the instructions to desirable to print the position and times be turned ove 

obtain a equals | b equals 1.2, and velocity data at cach of these integra vith a hand calculatoi 


probl 


The Third Step of Programming CODING 


Vic.. 4. Part of the code. 


' f . 
—_— l'o crrorm thi 
’ as r I 
EXPLANATION ocaTic | " . 





grammer must have 
edge of the operatio 


1617 f5:U, 4 100 | Mm {ool } 017 } 0/06 particulat computer to *s 
lo wb £, =Us | 9808 00 | 60 | (bo 2. | /o/8 | l0é? next step is to rewnt 


from the flow diagram into a 


Cr o10% |do¥) ya07 |00_| 60 | own oown 0/08 understood by this comput 
7b, 0306 | oD Wi cont | ore 0104 ia gee pel 
40 x "0209 | 50. 24 loth | /ole | 1990 sammate, “ba aiiich edecmel 
194) y* Q110° 50 | ZY | 1017 | 1017 (441 tored in the form of wor 
ov 


these words are of fix 
94% 10421 | 59 lo! yore | 








Jt _| 442 the location of cach ad 


1990 in the UNIVAC 


x . : 
101) EFKfeit 6. 0113 | 50:20 1490 | 1992. /043 memory, the location of 
1940 x” | O28 50} 129 al? _| | Jor? T 1990 Fach ble a ll a 


au__y* 9315 | so lay | sory | sory | 199) number (parameter of an equation 


19% & (0116 | 1$012¥ ) lows MoS. (NZ paler whet to do, In the UNIVAC 
M0 x?+y™ 0117 50.| 20) 1990 | 1941 | 1990 word wied ss a number consists of 2 
lon @eyrytee” 0148 |50| 20} 1940| 199%] Zoye a" word instructs a computer. varie 
[-t io 7.9, 0948 | 9 | 20! 04/3! 057 OPEYY™ from one computer to another, but th 

st ttt! 0120 | op | 40) 9425| 1057) 1057 in the andition soot 


24 
P-#£ .0 a Y121 00 | 70 | 04/4 | 055 | 0/31 unple, the instruction t 
Lf 


One fel 'Q112 | 50 {20 | 1990 | 199) 1990 _ by 1 number + 0g 
=; 


| 


1 


puter lake a number f 
1052 f< fr } 0122 | po 40 i 58 10925 | 1058 ud ss, add it to the num 
/o16 c*=<e 


5 {2060 109 | L0¥G| O/H secrnd ives ee 
Ny = 0 124 BO | JT | bore | opo0o | OwppD - quire two o1 three wor | ie th yp 
hadl vrei — 0007 q Y125 DO | ey) Spok| 400. 0126 2 Ng others. like the NOR¢ 


. necd only one wor When 
My My \ My / 0126 100 | 58 000! | 900]. OI2$ executing a program, tl 


V fam | DALY EAS? Q127 00 R/ honey re b12F transfers an instruct 


memory to a control 


19,0228 | 177 beep | cowd 0129 _ word is interpreted 
(tbe = Br jo 9129 |p 160 0/61 1060 0130 ti seconding to thy 


oded in this word 
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meaning of this word is exhausted. the 
computer transfers another word from 
memory to control register and pro 
eeds to follow this next set of instru 
tions. Computers execute these in 
structions at high rates of speed 
In coding, a programmer  trac¢ 
through a flow diagram, such as shown 
in | igure 3, writing instructions in the 
form of computer words so that th 
omputer will perform the indicated 
calculations. Figure 4 is i portion of the 
code for the NORC for the problem 
indicated in Figure ] Note that the 
vord to be stored at location 0112 i 
in addition instruction. The 20 in 
olumn QO means add the number at 
iddress 1990 vhich is x to the 
number at addr 1991 (which i 
v*), and store the result (x* plus y 
it address 1990 The NORC mem 
ory consists of 2,000 words in ad 
dress¢ 1 to 2000 The words in 
locations 0109 through 0118 are actu 
illy the code corr ponding to Box 6 
in Figure 3. Figure 4 also include 
oa orresponding to Boxes 7 
, 12, 21, 9, and the beginning of 
Note that th programm 
») mistakes on thi page of 
code. Mistakes are inevitable, and ar 
one reason for a delay in getting the 
od to properly contro] the « mmiputer 
Nhe miplete code for this problem 
required about 350 words or lines of 
ode. ‘T'wo days were required to write 
this code, but about a week elapsed 
before all constant and variable stor 
iwe locations were reasoned out and 
proper constants were chosen 
When the code is completed it and 
iny necessary constants or parameter 
ire placed on an input medium for 


computer uch a pun hed card 


; 


tape, or magnetic tape. The 


ype 
problem is then ready to feed into 


the computer for checking 
CODE CHECKING 


Cod ire often everal hundred 
in length, and every character 

in them must be logically correct if 
the « ynputer is to viK ld the correct 
results. Consequently, the most skill 
ful programmer seldom succeeds in 
riving at a correct computer cod 
before it is tried out on the computer 
Several short ode che king” ession 
mn the machine are usually necessar 
luring which an Opel itor tries to make 
the computer run through the code 
The coder, usually present at these 

ons, retires to the quietude of hi 
desk after cach one to study the flow 
diagram and le in light of the be 
havior mptoms of tl compute 
When in crror i 
ind anoth 
cheduled 
1 working 


puter solution time < 


060 1200000000000 0001200000000000 090819.1520000000 99 1903354445 
0000000000000000 9918191520000000 0000000000000000 991573576000 
0609692517254339 9701689061895309 9701384235899361 990999999421 
9902000000000000 9918139451563405 960347 3805111931 99157328014 
9701102674281839 9701705213913271 9701579530962723 990999321416 
9904000000000000 9918187093975873 9607 142337160884 9915729418816 
97012591 15499733 970188357088851 1 97018094607 46847 990998 5479875 
9906000000000000 9918184396599123 980255504 1859519 991572553564 
9701443345793171 9701982511191407 97020814 17305963 990997662273 
9908000000000000 9918181298150599 970150711941726/ 991572105902. 
9701661284572011 970207963653820 1 9702404630313461 9909566438293 
0001000000000000 9918177724106655 9701932354400099 9915715875294 
9701920312512825 9702171472153357 97027906844 50497 9909954677534 
0001200000000000 9918173583392615 97023750288901 89 99] 57098447? 
97022296 76580849 97022530531 10467 9703254197187137 990994 10356. 
0001400000000000 9918168764146699 9702832429467219 991570279461 
9702601016603579 9702317353123235 9703813709806331 990992513763. 
0001600000000000 9918163128278927 9703300167767549 9915694510268, 
9703049050757887 9702354495477015 9704492861978285 99099065199602 
0001 800000000000 9918156504461 321 9703771507288457 991 5684723391! 
9703592467676981 97023506635 93329 9705321 942640953 9909884606749 
0002000000000000 991 8148679078853 9704236433267899 991 567309679" 
0704255084472841 97022 86599897135 9706339937785685 990985867926 
0002200000000000 9918139304540593 9704680369259697 991565920442) 
9705067340990519 9702135546186489 9707597228122407 9909827 836596 
0002400000000000 9918128284202529 97050824 10745087 991 5642505216. 
9706068206543401 9701 860439356533 9709159122567731 99097 909452285 
0002600000000000 99181 14953006753 to Anat 991" s 
=n: q7oiate TLIO 


PIG. § 


l'o facilitate hecking the problem pe fion 
illustrated here, several “breakpoint pection 
vert placed on the flow diagram in the prob 
igure 3. For exampk 75( 007 his imuitial 
occurs just ahead of Box 4 ind parameter 
76(0107)" oceut between Boxe 5 
ind ( Ihe ( ir¢ mere) pont it 


vhich the computer stops and 


m be identified — by th opel ) printout 
Once the code work orrecth these Print Bo 


point ire removed. During the first aL 


computer code-checking session on th is Specihed 

trajectory problem, the NOR 1 quired ¢ 
fully reached the following brea the tray 

points: 74,(0036) just ahead of Boy clocity, and 


5(0073) just ahead of Box 4, and time clapsec 


I 
76(0107 just ahead of Box 6. Ho the time inte 


} ] 
ever, it failed to arrive at breakpoint nit an mspx 
| 


t 
' 


76(0146) which follows Box 21. Aft ult ind ofter 


printing out the values of certain pa of the requ 
+ 


rameters, the programmer left the com this bulk of in 


puter and re-examined th ode from chased at the 


Box 6 through Box 21. He then di ing and 


covered the error in line 119, Figur number I 


+, and after correcting it, was ready to more 
t gain. Five cod 
on the NORC of 

vere required befor 
eady fora product ) 


Ion vere pre ic 


COMPUTER OUTPUT 


future 


lor mam icnhh 
form in which the results are pre 
ented may not cause anv difficult Programn 
ince only a few quantities are of m ts maximun 
terest to the ientist who propo ed 
th probl n. However, there are man 
ituations that ar f an explorator 

haract leading to large volumes of 
lata that ist be present d for in 


A portion of the printout 


Krom this im 
vho pre ented 
hether or not 
ic number of 
vhich 
vill actuall 
King 
tion of the 
it Box 9 and 
About 
trajecton 
» LINES are 
ot along 
osifion 
dinate 
ind 
rintouts per 
ninary r 
definition 
I lowever 
en pur 
n identif 
printed 
that a 
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problem to a_ trained programmer 
The latter completes the numerical 
analysis, prepares a flow diagram, 
writes the code, and then personally 
checks it out on the computer, con 
verting it to a running code. In some 
organizations there has been a tend 
ency toward greater specialization: the 
numerical analyst begins the program 
ming by carrying the problem through 
the flow diagram stage. Then a coder, 
working from this plan, prepares a 
code and checks it out on the com 
puter. In this way a running code i 
ittained, and necessary modification 
entered on the flow diagram 

If it is necessary in the course of a 
problem to investigate a wide range 
of parameters, it may be efficient to 
ubdivide the work further by turn 
ing the problem over to an operator 
who will stay with it during the ‘pro 
duction” computation. Naturally, the 
Ope rator must have explic if in tru 
tions from the coder, and ready accé 
to him, in case of trouble 

If the impression has been given 
that the path from preformulated prob 
lem to a working code can be tripped 
through lightly, then it is time to 
point out that there are pitfalls along 
this route. Even for a small problem 
as much as a month can elapse from 
the time the formulated problem is 
presented until it is actually being 
solved on the computer The elements 
that absorb time until a running code 
is completed have been briefly d 
cribed without indicating the time 
distribution for the several steps. Thi 
distribution is highly dependent on 
the nature of the problem and the skill 
ind experience of the programme: 

In addition, there are delays that 
can be attributed to equipment mal 
functions and the tight operating 
chedules prevalent for all major in 
stallations. The experience of the pro 
grammer is nowhere so evident as in 
the arrangements he makes in_ hi: 
codes for corrections or for minimiz 
ing re-runs that result from machine 
malfunction or operator error 

It is interesting to note that the 
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Mr. Wegstein, mathema 
tician in the Computation 
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(Bradley University, 1946-47) 
and as a research assistant 
(University of Illinois, 1948 
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during the war as radio, radar, 
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work loads for some problems can ex 
tend into many hours of computer 
time, despite the recognized speed of 
computers. These just happen to bi 
problems of proportions, 
ind without modern computers, othe: 


enormou 


and usually more expensive procedure 
would have to be used to attain th 
information being sought 
be attained at all 


if it could 


AUTOMATIC CODING 
Many 


implify programming | and 

equipment Until computers can b 
redesigned in the light of experience 
programmers must enlist the aid of 
the computer it elf in programming 
Computer iided programming or aut 

basically an effort to 
ret the computer to a¢ ept the prob 


lem in a language more 


efforts are being made t 


Inpro 


matic coding j 
nearly re 
embling mathematics than its own 
cod Indeed most code vritten 
these dar we not true compute! 
pst udo-codes that 
the computer itself translates to tru 
Variou 


computer have 


codes, but rather are 
computer cod builders and 
users of developed 
iutomatic-coding systems, and hav 
usually made them available to other 
lor example, General Electric has it 
CAGE, United Aircraft its SAP, IBM 
its AP-l, and Remington Rand _ it: 
Autocompiles 

The actual code for the IBM 704 
is a sequence of binary numbers that 
be written a 
OnVeTICTICE 


ma octal numbers for 
However, these number 
ie not easily understood On the 
other hand, if the SAP 
the code i 
understand. Consider the code for 
the formula ax* + b 


tem is used 
much easier to write and 


As an IBM 7 As a SAP pseudo « 


octal code: Lo Oper 


056000001451 Pl LDO 
L O72 600000145) PMP 
060100001454 STO 
056000001454 LDO 


In the SAP code the olumn labeled 


“Operation” contain letters which 


suggest the operati 
vhile the column 
indicates where tl rs com 
from and where they a o1 The 
olumn entre 

mly at points where control 1s to 1 
enter the code 
LDO X means load x into the mul 

4 FMP 
multiply, in floating point 
irithmetic, the f the mu!ti 
plier register times x ind thu 
x*. STO T means store x in 
rarv location T, and 
cle The 
n this form and convert its own 
true code before starting the 
problem 

Coding in th to 


ca for an exper Cee 


Location 


tiplier-quotient —regist 
means 
ontent 

ypbtain 
1 tempo 
1 through the 


omputel CCCI I cod 


| 


yt it doc 
eda ot the 


tance b 1 


requir con i¢ 
compute Dire 
compute yf 
tated in numerical math 
issured in future ad 
yuter-aided 


prog! Lyititil 
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One of the 
ponents of 


most important com 
a digital computer is it 
storage ystem Lhe election of a 
computer with the 
system will reduce the effectiveness of 


wrong torage 
in entire operation insufhcient storage 


cramps the 


operation and 
calculation 
of data, and 
yperate tor 
lowly may cause a severe bottleneck 
On the other hand, the 


erties of a particular kind of 


Capacity 
often necessitat 
ind extra manipulation 
1 storage system that 


extra 


pecial prop 
torag¢ 
tem can sometimes be exploited to 


effect cconomies elsewhere in the com 
ituations are present in 
computers currently in operation 
Although storage ystems differ in 
many respects, they are all used to 


perform the 


puter Thes 


ime principal function 
l'irst, they receive and record infor 
mation which will be needed lat 
on Second, the preserve that in 
needed Vhird 
information when 


formation until it is 
they deliver that 
it is required 

l’o perform these functions, a digital 
torage system must have the folle 
ing properties 


SIX ATTRIBUTES OF A 
DIGITAL STORAGE SYSTEM 


1. It must contain elementary loca 
tions, each of 
storing a digit In thi 


which l capable of 
discussion 
elementary locations will be 


memory cell At pre 


these 
referred to a 
ent, most 


memory cells have been 


BASIC DIGITAL SERIES 


omputers Memory 


Article No. 6 in this series (CtE, March 
1956) described short-time storage elements 
that are used in computers to hold logical re- 


sults from one operational step to another. To 
be discussed now are the long-time storage 


elements—the computer's memory cells. Mr. 


Fowler groups these storage devices accord- 


ing to the method used to gain access to their 
data. He describes the operation of all the 


more important known storage systems, and 


compares their principal characteristics. 


mstructed to store binary digit 
vhich are called bit 
lhe memor ells are combined 


which wall 


MCcuoOr box 


in relatively small group 
be referred to a 
Ihe number of cells in a memor 
box is usually fixed and uniform I hie 
information stored in a memory boy 
is usually referred to as a “word 
Ihe memory boxes are assigned 
In thi 
word in the torage ystem 
identified by the addr ot 
the memory box in which it i 
It may b helpful to think of th 


vord tored as being repre ented b 


numbers known as address 
Vd inh 
il} be 
tored 


ymbol consisting of a 
letter with a sub ript vhere the sub 
ript 3 the addr 

+. ‘There method 


recording information at any desired 
location in the torage ysten 
[here must be a method of read 
j 


ing information trom any desired lo 


in algebra 


must be i 


tion in the storage system 
6. There 


munication bet 


mcan ot 
veen the stora 
ind the rest of the computer 


must bD 


‘There are also propertic that di 


tinguish one torage ystem trom 
Among thes re 
mode of acce ICC tine ind 
permanence Other factor 
bulk and power 
important 

The « ipacit of a torag¢ tem 
does not necessarily de 
type of components used. It is alway 


po ible to add mor 


inother capacity 


on umption 


pe nd upon th 


( ompone nfs of 


the ume kind unt the desired capac 
ity is achieved. However, the capacity 
do influence t election of the 
torage t 


economical f 


torage devices, 
( ipacitie espe 
factors other 


torags ystem 


iall wher ‘ i Til 
than the « iL 
itself ar 
with large capacit if 
the latter d 
Storage ire imcreasing in 
capacity a iputer art de velop 
Where compt ire used for theo 
retical calculat the range of capaci 
the runs f ut 0,000 bits to 
everal million | In some data 
handling large 
ipaciti ( In other data 
handling 1 forage tem 
thi ise, the 
lanned im cl > +O 
that in ¢ i 1 i 
of information es in through the 
mpuft, 1 ! ted into the desired 
for | ut through the 
itput omputer the 
ita also passes through the 


| 
in small b © that here. too, a 


innot compet 


extremel 


mall quantity 


computer 


mall rage ( in be used 

lo pre mportance of 
having la ’ ipa ifs con 
ider thi un 0 nal digit re 
quired to i t pewritten 
page If « t « I used, there 
ould be ver horizon 
tal inch a i XI cl Thu 
i ing) . A Howance 
ror mary 

haracte 
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nately five Diniaty digits are required 
for cach character, 22,500 bits would 
be required to store the contents ot 
the page 

Consider also the storage Capacity 
required tor mathematical — tables. 
With a sufficiently accurate table of 
logarithms, the computer could be 
saved time if the logarithms of tactors 
were added instead of multiplied. ‘Lo 
multiply two 40-bit factors and get 
a result rounded off to 30 bits, ti 
values of about 500 mullion logarithms 
would have to be tabulated, with about 
94 binary digits for each logarithm 
Ihis would require a storage capacity 
of 16 billion bits. Digital computers 
will probably do ordinary multiplica 
tion and division for a long time to 
Col 

lo tabulate 30-bit values of the 
sine at intervals of 0.01 sec would 1 
quire a storage capacity of about 10 
million bits tor that purpose alon 
lor this reason, when values of the 
une are required in a digital computes 
program usuall 


they ar calculated 


Dy a scr expansion 


MODE OF ACCESS 


Another of the storage system prop 
erties = previou sly mentioned 1s the 
mode of access, It is customary to 
classify storage systems into two modes 
of access—paralle! and serial. In thi 
article, however, storage systems will 
be classified into three 
access: paralle l, cyche, and progressive 
In the parallel mode, the reading and 
writing devices are separate from the 
memory cells and a switching scheme 
is used to connect them to the memory 
cells to which access 15 desired, In 
the cyclic storage scheme, 
and writing devices are 
pendent of the memory cells, but each 
memory C¢ ll is connected pe riodically 
in its turn with the 
writing devices, In the 
access systems, the reading and writing 


modes ot 


the reading 
again inde 


reading and 

progressive 
devices move physically from the 
memory box just used to the memory 
box about to be used Ihe access 
time depends upon the proximity of 
the address called for to the 
previously used or to a neutral posi 


iddre SS 


fion 
Most 


clusively in any one of these cate 


storage systems are not ex 


gories, lor example, a storage system 
may be divided into channels, cach of 
which might be a cyclic storage s\ 
tem, but the access to 
channel might be 
cases, this article will give most weight 
to the characteristics of the individual 
channels 


In some computers, two storage sys 


a partic ular 
parallel In such 


tems are used, one having a_ short 
wecess time and the other a long access 


time but a large capacity. ‘The access 
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MODE OF 


ACCESS PERMANENCE 


Parallel 
Progressive 
Nonerasable 








Magnetic drum 


Magnetic tape loop 


| Volatile 





Delay line 


Dual-head magnetic track 








Coincident-current magnetic core 


Ferroelectric 


ee 





Punched cards (Keysort) 








Williams tube 


Diode capacitor 











Magnetic tape 
Magnetic wire 
Notched disc 


Potter random access memory 





Punched cards (IBM or RemRand) 
Punched tape 
Photographic tape 























time is related to the mode of acc« 

In a parallel access system the access 
time is divided into two or three 
‘The first 
period is the time required to couplk 
the reading and writing devices with 
the particular memory box selected 
Ihe second iS the tin required for 
reading or writing This time may 
include a settling time for the read 
ing and writing devices to recover 
enough from reference to the storage 
system to be ready for the next opera 
tion The third period ipplies onl 
to memory devices 
known as 


periods, which may overlap 


having a property 
destructive readout In 
these devices, the contents of a mem 
ory box is erased when the memor 
Vherefore, after a read 


operation, it is necessary to restor 


box is read 


the word to its memory box by a 
writing operation. ‘The time for thi 
operation is the third period of the 
recess time 

In a cyclic storage system the acces 
time is divided into two periods. The 
first, known as the latency, is the 


time it takes for the memory box 
desired to 
turn to the vriting de 
VICCS Ihe second period is the time 
required for the actual reading and 
writing. Here again, it might be 
necessary to include a time for th 


dev} ty 


becom coupled in ifs 


reading and 


reading and = writing 
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In progressive acc tems, thi 
iccess time is divided into th mnie 
periods as the cyclic acc ystem 
namely the latency and the time for 
reading and writing 


PERMANENCE 


The permanence with whi 
ire retained in the torage 
| mother important factor Som 
torage media are nonerasable, that j 
the tored information mnot br 
iltered without replacing the com 
ponent used as a memory device. For 
example, to alter the information in 
1 punched card, it is necessary to 
use a new card or a new column of 
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resented by rows. In all cases, the word rack in be obtained 
01011001 at address 1100 and the regular addr 
information designating that addre vy to modify 
ire cross-hatched D hifting th 
In the parallel] irrangement, the bit manner 
of a word are all available at the san In the serial arrans 
time. This requires more equipment of a word follow on 
than other arrangements, because all ime track. In the ex 
the tracks of a channel are in use at highest order bit 
the same time, However, the parallel obtained by track 
rangement makes it possible to read last bit by the add: 
ind write information rapidly. ‘The idvantage could bi 
memory boxes could be arranged so for selecting the track 
that the addresses follow one another for selecting the y 
in their numerical sequence. How track could be permute: 
ever, an alternative scheme is to have Also, the least significant « 
the consecutive address eparated first. ‘This arrangemen 
permissible switching time is short, from one another by a definite number for arithmetic operati 
ome type of electronic gate is r of spaces. ‘This is the interlaced paral handling, it is someti 
quired. Where more time is avail lel arrangement. It is used when the nomical for the most 
ible, relays are often used. One possible computer is incapable of the speed of to appear first. ‘The 


FIG, 2. Magnetization patterns for return 
to-zero (RZ) and nonreturn-to-zero (NRZ) 
recording systems 


election scheme is purely mechan the parallel arrangement and when is more economical 
ical: the heads move axially from track the possible economies of other a1 but it takes longer t 
to track. In thi heme. there is a rangements are, for some reason, not ind from the drum 
great saving in the number of head considered advantageous. In the inter tive is the serial with 
but there are complications in the me laced parallel arrangement shown In the serial-parall 
hanical design the contents of the interlaced addre tracks are grouped in 
An individual memory cell can be 
located by designating the track in 
which it is located and the angular 
position that the drum will assum 
when the cell is available. The track Address 
is located by the channel selection tracks 
cheme. ‘The angular position is iden 
tified by timing puls ynchronized 
with the rotation of the drum, and 
distinguished from one another. ‘Vhe 
timing pulses define the locations of 
the memory cells definitely so that in 
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of memory cell sectors through which Parallel 
the drum has turned from sector zero 
In both cases, the number indicating 
Address 


frocks 


the actual angular position of the Storage tracks 
drum is compared with a number in 
in address register indicating the de 
sired angular position. Where these 
numbers are equal, reading or writ 
ing takes place 
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here are several ways in which the 
memory boxes of a storage system can 
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be arranged on a drum. Figure 3 
shows serial, parallel and serial-paral 
lel arrangements. Each of these is 
shown with and without interlace 
hese examples are based on an imagi 
nary drum with eight storage tracks and 
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sixteen memory cells per track, ‘The 
tracks are represented by columns and 
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mierloced poral 


Looe Soedinetl 
Interlaced serial Interlaced serio! - parolie 


the memory cells available for a given FIG. 3. Six storage arrangements for a drum with eight storage tracks and sixteen 
angular position of the drum are rep memory cells per track. In each case the word 01011001 at address 1100 is cross-hatched 
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too small to hold an entire word in 
parallel. ‘The words are divided into 
groups of bits called characters, which 
ery often are binarycoded decimal 
digits. ‘The bits of a characte ippeat 
serially his arrangement is more 
economical than the parallel but takes 
less time than the serial arrangement 
Sometimes the bits of a character are 
staggered timewise from one another 
This makes the storage system effec 
tively serial in nature with a_puls 
repetition rate faster than the natural 
pulse repetition rate of the drum 
Sometimes, the characters do not fol 
low one another in consecutive sectors 
of the drum but instead are interlaced 


MAGNETIC TAPE LOOPS 


An endless tape loop is another re- 
pe ited reference cyclic storage system 
Reading and writing is done as on a 
drum. But, because th 
drum is cvlindrical, the 
length of a track is equal to 3.14 time 
the diameter hus the practical 
length of a track is limited by the siz 
vlinder which can be housed. On the 
other hand 


magnet 
magnet 


in endl tape loop can 


be bent around idlers so that a long 
tape can be housed conveniently. Stor 
ing more bits per head saves cost and 
the more compact arrangement save 
pace. The access time is long, how 
ever, because the long loop takes mor 


time to pass the head 


DISC STORAGE 


There are two other systems that 
of data with 
relatively long access times. In one of 
these, the track ire located on flat 
disc that can be selected 

1] 


can store large quantitic 


iutomat 
juke-box fashion 


TAPE DRUM 


In the other 1 tape mor inter 
mittent!] th head 


lindes ind 


mounted on i 
rotating ontinuouslh 
When the tape is in a stationary posi 
tion, a portion of its length i wrapped 
iround the cylinder and the heads ha 

icc to that part of the tape Thi 
part, together with the heads, then 
forms a cycli 
tem. Th tape | moved to use infor 
mation on another part without dé 
troving the information just moved 
iway from the head This allows a 


larger number of bits 


t mpora i] torag 


tored per head 
plus rapid iccess to a large number of 


bits 
REGENERATIVE DELAY LINES 


The basic principles of the regener 
ative delay line are illustrated in Fig 
ure 4. Information is recorded in a 
medium, After a definite delay, the 
information is read. Then, in the nor 
mal course of events, the information 


transmitted back to the recorder. 
I'his method stores the amount of in 
formation which can be handled dur- 
ing the delay time. Regenerative delay 
lines are used for short and medium 
torage time 

lhe output of the reader can be ob 
erved without interrupting the trans 
mission of data to the 
change th 


recorder. ‘To 

stored, the 
transmission of data from the reader 
to the recorde! ( 


information 


in be interrupted ind 
new information sent to the recorder 


ACOUSTIC DELAY LINES 


Ihe most common kind of regener 
itive delay line ystem 1s the 
icoustic delay line. Here the delay is 
divided into a definite number of in 


ti rage 


crements known as cell periods. Dur 


period the 
vrites a one or a zero into the acousti 
medium by the presence or the ab 
ence of a shock. The shocks are then 
propagated through th 
nother transdu 


hock to 
ire then 


ing each cell recorder 


medium to 
vhich converts the 
electric pulse The pulse 
unplified and haped for 
either the re 


transmission to ding 
transducers 0 ce rest of the com 
he | or i iting scheme 
that pass pulse from either th 
reader or the input to the delay line 

In the design of delay line the 
tored is limited by 
the properties of the storage medium 
As the shock ive 1 
has a tenden to decrease in amphi 
tude due to the damping capacity of 
the material and to become lk harp 
because of the nonlinearities of the 
material. The dela imnot be long 
enough for these effects to cause in 
correct results. In addition, the rapid 
ity with which pulse can be handled 
is limited Thus ther in be only a 
fixed maximum numb pulses dur 
ing the allowable dela 

here are other problem As tem 

rature changes, the velocity of sound 
in the Reflection 
iuse trouble, too. The delay line must 
be designed so that shock waves r 
flected from its surfaces will not com 
bine with the hock wave ent di 
rectly from the transducer to give an 
imcorrect ignal 

Mercury—The mercury delay line is 
used in a number of 


puter 


number of bit 


propagated it 


medium change 


computers The 
hock wave is of the dilation type. In 
the American computers in which it 
is installed, the pulse repetition rate 
runs from 1 to 4 mec. and the delay 
runs from about 300-400 microsec 
Quartz—Th« 
ivailable as 


quartz delay line is 
1 commercial component 
In this component, the shock wave is 
a shear wave 
dium 


The quartz storage me 
can be in the shape of either a 
line for delays up to 100 microsec or 
a polygon for longer delays. In the 


FIG. 4 


line 


Diagram of a regenerative delay 


latter case, w re reflected from 
tace to face « ( lygon, tollowing 
1 long folded path from the mput to 
the output. This makes the entire as 
sembly compact. Magnesium has also 
been used as an acoustic material 
Magnetostrictive — Magnetostriction 
ha o been n the operation of 
delay lines, ( d around 
the ends of | of nickel-iron, of 
othe magnet naterial \ 
pul throug input coil creates a 
magnet held lhis magnet held 
develop tre due to magnetostri 
tion hy p pagated through 
the bar When the 
vave 1 hye ic other end, it gener 
ite i chan he magnetic field 
which is | » 1 the other coil 


MAGNETIC TAPE DELAY 


The doul icaded magnetic track 

l mothe e ot dela linve I his 
to ed not used for general 
torage bi ippiement to mother 
tora longer ce time 
(on d information on the 
urfa netic drum or tape 
move o the other 

ead. It is then tran 

mitted bach rite head. ‘There 
tmecn | tation on the prox 
imity of th d hence there is a 
ittainable by 
iddition, there are 


mininum tim 
thi method In 


mechanical len involved in ad 


justing th lative to one 
other 


im 


PARALLEL ACCESS SYSTEMS 


Parallel-acce orage ystem ire 
generally used vy i combination 
of short acc I ind small « ipacity 
usually 
less than 2,01 words, but a coinci 
dent-current memory 
has been designed with a « ipacity of 
+096 40-bit words 

Parallel ICCE 


often part of 


require I paciti if 


magnetic core 


storage ystems are 
compound storage 
tems. One part of a compound sys 


tem is a large-capacity long-access-time 
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A RECTANGULAR HYSTERESIS LOOP... 


FIG, 5. Text (Magnetic Cores) explains how material with a 
rectangular hysteresis loop like this can store information. 


serial memory. ‘The other part 1s the 
short-access-time parallel 
which has relatively small capacity 
Data can be transferred between the 
two storage systems 


MICIIOTY, 


Many of the new ideas for applying 
new physical phenomena to digital 
storage techniques attempt to prove 
themselves in the parallel-access field 
The Williams tube was the first paral 
lelaccess storage system to develop 
popularity. However, its use is fad 
ing, At present, modified duplicates 
of computers with Williams-tube stor 
age systems are usually made with co 
incident-current magnetic-core mem 
ories, ‘These coincident-current mem 
ories are at present the most popular 
of this class and will probably con 
tinue to maintain thei position for 
some time to come, But other sys 
tems are under development. ‘Two of 
these newer systems will be discussed, 
namely the ferroelectric memory and 
the diode-capacitor memory, 


MAGNETIC CORES 


The coincident-current magnetic 
core storage system uses as memory 
cells toroidal magnetic cores having 
rectangular hysteresis loops. An ex 
ample of a rectangular hysteresis loop 
is shown in Figure 5. These cells are 
arranged in rows and columns and 
usually also in planes, as shown in 
Figure 6. When none of the wires 
passing through the core is conduct 
ing current, the value of H is zero and 
the core is in either state A or state 
A’. When it is in state A, it is storing 
a zero and when it is in state A’, it is 
stormg a one, 

A system is designed so that (a) a 
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current in only one of the wires pass 
ing through a core will not change 
the state of the core significantly and 
(b) a current through two of the 
wires will put the core into a state de 
termined by the direction of the cur 
rent. Thus, to record a one in the 
core for which x 00 and y 10, 
a signal must be applied in the proper 
direction to the line running down 
the column for x 00 and to the ling 
in the row for which 4 10. ‘This 
would put a one in the desired core 
but would not affect the state of the 
other cores because current would flow 
in only one of their wires 

‘To show this in more detail, assume 
that, in Figure 5, current in one wire 
will give a value to H of 0.5 h,,, but 
that the combined effect of current 
will give a value to H of h,, 
for which H 0.5 h, will go from 
state A or A’ to state B or D’ x 
spectively. When the current stops, 
they will return to approximately 
their original state. On the other hand, 
the selected core will get a value of 
H equal to h,,. In this core, there will 
be a change of state from A or A’ to 
C. In both cases, the core will be in 
state A’ after the current stops; Le., 
a one will be stored. 

The coincident-core 
read by clearing the selected core to 
zero. If it stored a one before cleat 
ing, a core would change from state 
A’ to state C’, but if it stored a zero, 
the change of state would be from 
A to C’. In the first case, there would 
be a large change in the flux B, while 
in the second case the change in flux 
would be small. This change in flux 
generates a voltage in the third line 


| he cores 


MCmMoOry IS 


... YIELDS THE CORE MATRIX MEMORY 





FIG. 6. A two-dimensional array of magnetic 
cores that can store 16 bits of information 


passing through the cor If the 
voltage is large, it indicates a one, but 
if it 1s small, it indicates a zero. Vh 
third wire is therefore connected to a 
register so that a one is stored in the 
register if and only if a large voltage 
is generated. In order to preserve the 
information stored, a rewriting opera 
tion automatically follows a reading 
operation. ‘This increases the acc 
time slightly but it relieves the pro 
grammer of the burden of preserving 
stored information. 

Even though the change in flux i 
small when the state of the cor 
changes from A’ to B’ or from A to D, 
nevertheless some voltage 
built up by this change in flux. Sine 
there is a large number of cores sub 
ject to this small change in flux, thi 
third wire in Figure 6 is threaded 
through the cores so that the voltag 
generated will tend to cancel each 
other out. 


there is 


Ihe writing operation can be don 
in either of two ways. In the first 
method, the direction of the current 
in the wires passing through the 
lected core could upon 
whether a one or a zcro is to b 
sclected. In the second method, the 
core is cleared to zero before writing 
takes plac elect th 
core and supply enough current to 
write a one in the cor 
there is a third wir 


dc pe nd 


Then two wire 


However, 
through which 
current flows in the opposite direction 
if a zero is to be written. This third 
wire reduces the value of H in the 
selected core enough to prevent a sig 
nificant change in stat 

In the previous discussions, there 


was frequent reference to the phrase 
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2-bits-per-word diode-capacitor matrix storage system 





FIG. 8. Signals in the diode-capacitor matrix 


hole may be punched or not. These can therefore be used to separate the program. This idea is also used in 

memory cells are then grouped in col notched cards from the unnotched other computing systems 

umn , each column being used to ones in a single manual operation OTHERS 

represent a numeral from 0 to 9 or a 

letter of the alphabet. The best known PUNCHED TAPE An effort wing made to take 

of these is the IBM card. which usu Another common form of progr idvantage of the mechanical motion 

ally represents a character by holes in ive access device is the tape or wir between the storage mediurn and the 

two or less of twelve possible hole posi Punched tape is the oldest of thes« reading device without undergoing 

tions, and therefore uses only a small ind probably in the most general us¢ uch long ac time This has lead 

fraction of its capacity. If any com Holes ar punched across the tape in to the developm nt of a number of 

bination of bits were allowed in th rows, about ten lin to the inch ystems with p ressive acce within 

memory cells of a column, there would Ihev can be read by electri ymnitact channels but with heads that can be 

be +,096 possible symbols r by photocell An alternative s\ transferred mechanically from channel 
Because the punched card is a non tem is to replace the holes by black to channel 

erasable storage medium, its useful marks on a transparent tape. Photo Che earliest in this field was the 

ness for internal storage is limited graphic film can be used for this pur notched-di xemory developed by 

However, it is widely used for input pose. Storage systems of this nature the U.S. Bu 1 of Standards. A num 


ind output ire used almost exclusively for input ber of notched d ire arranged in a 
hh) 


KEYSORT CARDS uutput because of their nonerasab] toroidal arra th the notches in all 


nature the dis t toward the center 

While punched cards are ordinarily MAGNETIC TAPE Heads mounted on an arm swing 
used as a progressive storage medium through th ( to the selected 
the Keysort card is used as a parallel Magnetic tape or wire, being era disc. When tl ire in position 
iccess device This card has round ible, can be used not only for input the selected d turned past the 
hol pun hed near its edges. Some of yutput but also as an auxiliary mem heads so that ( ired information 
the positions are notched to remove all ry. Here the data are recorded on can be used 
the material between these hok ind tape im mu hi thee ime way as the Another opment 1 the Potter 
the edge of the card. Each position 1 ire recorded on a drum. The density random memon Magnet 
therefore a memory cell which stores a f recording on tape is about the same ires are } ited parallel to one an 
one or a zero de pending on whether is on a drum, although some labora other in fi The trame in turn 
the position is notched or unnotched tories claim to be able to recor ire mounted parallel to one another in 
If the cards are stacked together, ther many as 600 bit per in hou ng rack \ t 1 part ular word is 
will be a hole through the stack for channel. In the Univac, extensi ( obtained three-dimensional basis 
each position on the card. If a rod i is made of tape as an auxiliary st Z election of the 
passed through one of these holes, i device. Metal tape is used in de ind tl ire within a frame and 
will pass through the cards that ar referred to as Uniservos, which com ITCSSI election along a 


not notched in that position but will municate with the central compute ( lar word. After sele 


clear those that are notched. The rod n accordance with instructions in the ngl ead reads th 
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IDEAS AT WORK 


Frequency-Responsive Speed Control 


R. E. WEBER, Weston Electrical Instrument Corp. 


The frequency-responsive ta- 
chometer measures the frequency 
of an ac generator’s output to 
indicate speed. This accurate 
source of control signals is rela- 
tively independent of voltage 
variations due to the tachometer 
generator. 


FIG. 1. Basic circuit of the frequency-responsive tachometer 


Ilectrical tachometers have been converts the output of th 
used for speed measurement and con into a current proportiona 
trol for more than half a century. ‘he quem A milliammeter, M 
first, developed by Dr. Edward Wes this current in terms suitab 
ton in 1896, consisted of a gencrator, ippli ition (rpm, fpm, ip 


! I 


which developed i voltage proportional Ihe kev to the operatio 


to speed, and a_permanent-magnet ystem is I, a transform 
olts loaded 


movable-coil voltmeter calibrated in roidally on a core of magnet 
on et . vette terms of speed. ‘The recent develop with a rectangular hysteresi 
ment of the frequency-responsive ta core saturates at a relative 
chometer was a major stride in the mary voltage At each 
held of electrical tachometry flux changes from saturation 
Phi frequency output of an ac direction to saturation 
generator depends upon thi number direction. This change LUIS 
of its magnetic poles and its speed of ie in the secondary windin 
revolution Consequently the ac volt has an average valuc prop 
age output of such a generator has a the frequency of the imp 
frequency exacth proportional to ie. Figure 2 shows waveto1 
speed. A means of directly indicating circuit. More pulses per 
this frequency to ufhicient accuracy 1 higher average current in th 
would make possible a_ tachometer circuit of the transformer. |] 
completely free of voltage errors duc are rectified, and then ave 


Transtormer 


secondary emf 


to the tachometer generator. Prior to a pan movable-coil instrume 
the development of the frequency cating average current. ‘Thu 
sensitive network used in the fr readings are a direct function 
quency-responsiv tachometer the frequency output of th 
ns former closest approach had been an elec the whole system is relat 
secondary volts tronic counter. ‘This, however, has tive to voltage variation 
loaded several disadvantages when used as a 
tachometer, such as size, power con Accuracy 
sumption, and slow indication Chis approach is mor 
Figure 1 diagrams the essential parts conventional voltage-r 
Direct current of the frequen y-responsive tachom« trical tachometer syster 





| for indicating ter. G is the ac generator, which ple, ac generators can be manufactured 
' instrument 

— generates a voltage at the frequency in production quantities with a repeat 
FIG. 2. Voltage waveforms in the fre to be measured, and powers the circuit ability of better than pl i minus 
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quency-responsive system, Th frequency-sensitive mn twork, F 0.25 per cent and an int iveability 
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FREQUENCY-RESPONSIVE CIRCUITS 


AND A SPEED-CONTROL SYSTEM 
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right above). Electrical zero-suppression circuit 


FIG. 5 
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A closed-loop contactor servo using difterentially- 


frequency responsive tachometers (see text) 
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IDEAS AT WORK 


Compound 
Modulation 
Improves 

Data Storage 


FIG. 1, Plug-m construction of this CEC DataTape signal modulator allows 
each of twelve channels to amplify and code signal input voltages for 
cither compound modulation, direct recording, or pulse-duration modulation 


Magnetic-tape recording systems store test data for subsequent data proc- 
essing. These transducer data must be recorded in a form that will permit 
accurate and automatic recovery of voltages analogous to each measured 
phenomenon. The usual methods, amplitude modulation or frequency modu- 
lation, present certain difficulties, but compound modulation surmounts them. 


RONALD L. BENTLEY, 
Consolidated Electrodynamics Corp. 


Amplitude-modulation storage of 
test data from transducers introduces 
amplitude errors of up to plus or 
minus 10 per cent due to the charac- 
teristics of the tape; and its frequency 
response does not extend down to dc 
signals. Frequency modulation over 
comes these disadvantages, but intro 
duces zero drift, which may be caused 
by drift in de amplifiers, in’ the 
f-m-oscillator center frequency, or in 
the f-m discriminator. Zero drift may 
also be the result of variations in aver 
age tape velocity, which, in turn, cause 
a spurious signal. 


Compound Modulation 


What is compound modulation? 
Basically, this technique combines the 
time-proved advantages of amplitude 
modulation and frequency modula 
tion, and eliminates their major dis 
advantages. Can will be compared 
below with f-m, since these methods 
most nearly overlap in frequency re 
sponse for a given tape speed 

More specifically, compound modu- 
lation combines suppressed-carrier am 
plitude modulation with frequency 
modulation. A twelve-channel modu 
lator is shown in Figure 1. The de 
modulator normally associated with 
carrier-amplifier systems has been de- 
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ferred until playback in the c-m sys 
tem. ‘This locates all demodulation 
clectronics in the playback equipment. 

In this system a stabilized oscillator 
applies its locally generated signal to a 
bridge-type transducer. (With the ad- 
dition of a plug-in low-level inverter 
to the c-m modulator the channel can 
handle outputs from transducers that 
cannot in themselves be carrier-excited 
l'ypical of this class of instruments are 
thermocouples, resistance 
eters and dec-excited potentiometers). 
When the transducer experiences an 
input to cause imbalance, the bridge’s 
output will be a suppressed-carrier am 
plitude-modulated wave. Likewise, 
when the transducer input is exactly at 
its reference point, the bridge balances 
and there is no output wave. Thus the 
amplitude of output envelope is pro 
portional to the magnitude of the in 
put signal, and the phenomenon’s rate 
of change is represented by the rate 
of change of the carrier envelope. The 
sign of the input is carried in the phase 
relationship between the carrier source 
and the carrier of the modulated wave. 
A conventional ac amplifier, with its 
inherent reliability and freedom from 
drift, amplifies the low-level modulated 
wave form to a suitable level 

This amplitude-modulated carrier 
signal in turn modulates a frequency 
modulated oscillator. In the absence 
of an incoming signal to the fre 


thermom 


modulator, the oscillator has 


quency 
a fixed frequency known as the f-m 
center frequency. When a modulating 
signal comes from the carrier amphi 
fier the frequency of the f-m modulator 
changes about its center value at a 
rate equal to the carrier frequency 
hese trequency deviations depend on 
the amplitude of the incoming signal 
Ihe rate at which the peak frequency 
deviation varies is determined by the 
phenomenon frequency sensed by the 
transducer. As the last step in the c-m 
technique, a magnetic tape records 
the f-m oscillator’s output 


Recording Pressure Variations 


[he compound modulation tech 
nique can be applied, for exampl 
where a variation in pressure is to be 
recorded. Figure 2 shows signal wave 
forms at various points in the system 
Assume the pressure transducer (Fig 
ure 2A) has a full-scale range of 0 to 
100 psi, and that the pressure rises 
suddenly at time t, from zero to 50 psi 
Starting at time ft of plus 
ind minus 10 psi occur al muund the 


variation 
average pressure (50 psi) at a 100-p 
rate. 

Figure 2B shows the output of the 
bridge transducer for the signal varia 
tions of Figure 2A. Here, with a 1,500 
cps carrier applied to the bridge, the 
net output is zero until time ¢,, when 
it consists of a 1,500-cps low-level sig 








nal lhe amplitude of the envelop 


remains constant until ft After t 
envelope varies at a rate of 100 
orresponding to the frequen 


pressure applied to the tran 


Thus the output shown in 


2B is an amplitud 


modulated 





sed-carrier signal. 
he amplified signal of Figure 2B, 
ith its basic form unchanged, is ap 
plied to an f-m oscillator with a nom 











inal center frequency of 10.5 Lhe 
ilting oscillator output, to be r 
ded on the magnetic tape, is shown 
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wings about its center fre 

it a rate of 1,500 ep hull 


input causes the f-m-carrier fre 
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enter frequency After time t, varia 
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Improved Accuracy 
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© Bandwidth 
over 50 cps. 


© Velocity 
1500 v/sec. 


© Plug-in turrets for 
function generation 


ul Six gang multiplying potentiometers. Accuracy equivalent to 0.1% 
QW. sunoinc-siock constRucTION linearity potentiometers (over-all multiplying accuracy 0.2% including 
Permits assembly of computer elements in mechanical non-linearities). Two gangs tapped for function generation. 


any desired combination to do particular : : : 
job or expand existing instatlation Two front panel piug-in turrets for padding or feeding voltages into 


the tapped pots for function generation. Turrets may be stored for 
CONVENIENT PATCHBAY future use. 


Available in units of 1632, 3264 or 4896 High Speed — Velocity 1500 v/sec 

holes for maximum flexibility. Patchboard Lie Carbon fil sont , P ty | lite 

changes possible during operation ong e-— arbon film po entiometer gives exceptionally long life even 
at high velocities. 


POWERFUL AMPLIFIERS Superior Frequency Response: 
Noise less than 3 mv rms in cabinet. Phase Maximum amplitude rise 1.4 @ 40 cps. 
shift 0.075° @ 100 cps. in cabinet. Band- Bandwidth over 50 cps. 


width over 10 KC in cabinet. Dynamic error less than 0.5% of input @ 2 cps.! 
HIGH SPEED RESOLVERS Phase shift less than 0.3° @ 3 cps.! 


Vastly improved dynamic performance . . . Exceptional low speed performance too — Typical tracking error 
35-cycle bandwidth. less than 0.05 volts maximum for ramp input as low as 0.01 v/sec 


REEVES INSTRUMENT CORPORATION 


A Subsidiary of Dynamics Corporation of America 
209 East 91st St., New York 28, N. Y. 





Precision SERVO 
RESOLVERS and MECHANICAL 
PHASE SHIFTERS PARTS 
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IDEAS AT WORK 


Variable Density Film 
Yields Three Functions 


Relativit the kevnote in the de 
ign of a new, high-speed function 
gencrator developed by ‘The Stephen 
Douglas Co. of Santa Monica, Calif 
he Phosiac (Photogr phic illy Stored 
Information Analog Comparator 
1gnore inety of hard-to-control 
factors to produce high precision 

A | 4-in q photog! phd plat | 
heart of the machine, which ts in 
tended for analog computers and for 


+) 
til 


universalizing ’ aircraft simulators. It 
renerates Z as a function of two ind 
pendent inputs, X and Y, and can be 
Silt iven a new information 
the Data Plate Because 
urcraft simulators using the 
witched qui k] 


ferist of a 


ire inevitable 

tablish an absolut rela 
tion between photographic emulsion 
ray scale and voltage because of thi 
clectrical opti il, and chemical vari 
ibilities of the read-in and read-out 
ipparatu But thi device detour 
these difficultic by correlating the 
emulsion density of the XY interse 
tion pomt in the information ar 
it plate with the location of 
ponding density in a strip that 
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this corresponding density form 
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Indiana Permanent Magnets 
undergo 13 quality and uniformity tests! 


. - to help maintain a steady flow on YOUR production line 


. +o help reduce rejects on YOUR final product assemblies 


(tpl 
Riles 


Oo oP 


ee" 
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. 


World’s Most Complete Line 
of Permanent Magnets! 
all shapes .. all sizes. . all grades... cast Alnico.. 


sintered Alnico.. Hyflux Alnico V .. ceramic Indox 
.. Cunife.. and other special magnet materials 


Yes, Indiana Permanent Magnets undergo a wide range 
of tests . . Spectograph tests . . chemical analyses . . Zyglo 
13 tests in all to assure precise magnetic charac- 
teristics, sound structure, exact physical dimensions . . in 
short, to assure uniformity and high quality. 


tests .. 


Maintaining the high quality of Indiana Permanent 
Magnets is not just a one-man or one-department respon- 
sibility. Teams of physicists, engineers, technicians and 
experienced craftsmen supervise and keep a constantly 
critical eye on all stages of production. Quality control is 
this group’s most important single job . . by far! 


To be sure of better permanent magnets, take advan- 
tage of the experience of permanent magnet specialists. 
Indiana maintains the World's largest staff of engineers 
devoted solely to the design and application of permanent 
magnets . . the World's largest and most complete research 
and production facilities. 


Indiana engineers, with almost a half century of experi- 
ence in “tailoring” permanent magnets for more than 
35,000 designs, will welcome the opportunity to work 
with your technical men in the development of your per- 
manent magnet designs. 


We invite you to contact your nearest Indiana sales 
engineer . . in Boston, HAncock 6-2323 . . in Chicago, 
FRanklin 2-1114 . . in Cleveland, CHerry 1-4163 . . in 
New York, VAnderbilt 6-1898 . . in Los Angeles, DUn- 
kirk 4-0465 . . in Philadephia, KIngsley 5-2036 . . in 
Rochester, HAmilton 8990, 


Write, today, for your copy of magnet 
#11-P5. This 8-page booklet 
details the wide range of Indiana cast 
permanent magnets available for imme- 
diate delivery in sample quantities. 


catalog 


. . Manufacturers of permanent magnets for the electronics, 
electrical, instrument and communications industries 


THE INDIANA STEEL PRODUCTS COMPANY 


INDIANA 
PERMANENT 


VALPARAISO, INDIANA 


MAGNETS 
World’s Largest Manufacturer of Permanent Magnets 
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IDEAS AT WORK 


Error Analysis Proves 
Digital-to-Analog Conversion can be Precise 


FRANK BRADLEY, Bradley Associates 


Ihe function of 


converter 


a digital-to-analog 
transform a 
number to an exactly equivalent analog 
form The relay Opel ited voltage 
ROVD) is the basic high 
digital-to-analog 


is to given 


divider 
ICCUTAC' converter 
\ ynmon instrumentation of the 


ROVD 


or mat ( I resistor 


utilizes two ti 
vhos« 
quential re tal Mitt depend 
upon the numerical I of the 
digital output On resistol 
connected above i pich oft point ind 


identical set Figure 1A 


il number operate relay ! 


h« le yw, 


each esistan p 


uit either the esistam 


ft point or the 


instrumentation typ 


onstant-current source drive 
1 single resistance stick, Figure 1B 
Individual resistors are series-connected 
and ma De shorted out bi relat 
under control] of th ippropriat digit 


Accuracy 


Constant-voltage 


(A) and constant-current relay-operated voltage dividers 


Application of an important technique—error analysis— 
demonstrates the accuracy of a 17-bit digital-to-analog 
converter by showing up probable peak errors of one to 


two parts in 100,000. 
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SERIES 


INDUSTRIAL SOLENOIDS 


Decco’s Series 50 offers more power—longer stroke with the same 


dependable quality and performance that has made Decco the top 


name in industrial solenoids. 
There is a Decco solenoid for every requirement. Built to give 


better service for a longer time. Solenoids engineered and modified Direct 


current 


to your requirements. Let us discuss your problems. poten 


For complete information write— 


OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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NEW PRODUCTS 


LISTING IN GROUPS 


1- 5 Designs of the Month 

6-17 Amplifiers, Controllers, 
& Analyzers 

18-25 Control Components 

26-36 Relays & Switches 

37-50 Detectors 

51-56 Power Sources 

57-72 Numerical in Nature 

73-77 Control Valves 
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DELAY LINES contain a computer's worth of components for high accuracy over long delays. 


As the block diagram shown above suggests, the neat 
package at the right is more than just another dela 
line. Models are available that generate pauses of up to 
2 sec with an accuracy of 2 microsec. A crystal-governed 
oscillator feeding a high-speed counter does it all 
Because input pulses simply trigger the sequence that 
results in the output, low input signals will show a 
power gain at output 

Delays can be factory-set (in which case only enough 
counter circuits are included to do the job) or can be 
adjustable through the entire maximum range of from 
+ microsec to 2.05 sec, The little machines contain 
their own blowers, and their innards are made of 
matchbook-sized plug-in circuits. The complexity of 
the instruments would suggest prices quite a bit 
higher than for conventional attentuation-type dela 
lines, but, says the maker, comparable accuracy ovet 
comparable ranges with precision attentuation-type de 
lav lines (which he also makes) costs just as much 
Ihe Jacobs Instrument Co., Bethesda 14, Md Circle No. 3 on reply cord 


ANALOG COMPUTER CONTROL CENTER aims at maximum setup simplification. 


Intended for thi 00-amplificr-and-up an " 
puter in tallation, the control console her t is a 
central source of program information and _ provides 
ome unique functions as well. One of 
notable features is a scheme for setting pot 
board input. The output of the keyboard 
dressed” to the desired pot, which is then 
into a setting servo (one used for many pot 
ervo obtains its follow up voltage not from th 
put of the pot but from the output of th 


it is permanently connected to. In thi 

st pots are used and settings made which 
out errors in the amplifiers as well as pot 
1 phenomenal 0.01 per cent accuraci 
Punched tapes can be prepared simultaneous! 
ing automatic setup of the problem again. The wv 
f model 1200 EASE is loaded with simplifyin 
ture too many to describe here.—Berkelk LD 
Beckman Instruments, Inc., 2200 Wright A 

Circle No. 2 on reply card mond Calif 
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FLOWMETER senses through temp differential. 


Ihe flowmeter flow integrator illustrated here is said 
to mecorporate unique principles. Here’s how it work 

the temperature of metered gas or fluid contained in a 
pipe ts temperature sensed, heated, and then tempera 
ture-sensed, in that order, in the direction of fluid 
flow. The faster the fluid moves. the less its t mpera 
ture is raised by the heating coil, and the effect is linear 
Ifence, by detecting the difference in temperature of 
the pipe wall at the two temperature-sensing coils, a di 
rect reading of fluid flow can be obtained and integrated 
by means of a watt-hour meter) without loss of a 

curacy as the result of pulsations. Because there is no 
break in the pipe wall, the system can be used in prog 
essing foods or almost any substance without difficulty 
Accuracy is better than 1 per cent.—Industrial Develop 
ment Laboratories, Inc., 17 Pollock Ave., Jersey Cit 
5 NL] 


Circle No. 3 on reply card 


“FIRST” rectilinear recording milliammeter. 


The neat instrument shown here uses a l-ma gals 
nometer movement and is said to be the first rectilinear 
ink recording milliammeter. Ink level is visible at all 
times through the plastic sliding cover. ‘The instrument 
can be refilled from the front. ‘The rectilinear pen mo 
tion is accomplished by pantographic-type linkag 
through a 44-in. deflection range. A l-ma input through 
1.500 ohms provide ; full-scale deflection Ur damp d 
natural frequency is 2 cps. Either ac, de, or spring drive 
ire available in 10 ranges, so that the 100-ft-long graph 
paper can be run through in an hour and 40 min or up 
to 60 days. Six in. of paper are available for observation 
it one time.—Texas Instruments Corp., 6000 Lemmon 


Ave., Dallas 9, Tex 
Circle No. 4 on reply card 


STORAGE SYSTEM for compacting heavy data. 


It iid that this machine will compact the content 
of 1,600 conventional file cabinet drawers into 
than u ft. In addition to processing 


i 
many routine iccounting function 


1S¢ digital computers, the apparatu 


tion, selection, sequencing, or separati 
billing, or other routine data Input t 
wood ELECOM File Processor 1s a 
reader or typewriter keybo 

ot ypcration 


hang 


pc prt ail Th Ii inh 
iid for ximatel . 000. When u 
nderwood ELECOM ym pute { 
handle rie omplex eratior 
Ol the bulk t the data | nderv 


New y k If N .? 
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AWARD-WINNER 


in telephone 
applications... 


now available to you 


STROM BERG- 
CARLSON 


Type B” RELAY 


If reliable operation of a large num 
ber of contacts has application to 
your work, you should examine this 
remarkable relay, manufactured with 
extreme precision, 

Our gang-type “B” relay can be 
furnished with combinations of A, B 
or C contacts with a capacity of up 
to 60 form A contacts. It will accom 
modate six stacks of spring combina 
tions which, due to special construc 
tion, occupy an unusually small 
space and make the relay desirable 
for group mounting 

This relay has been for years dis 
tributed exclusively and in large 
numbers to the Independent tele 
phone industry. Expanded produc 
tion facilities enable us now to offer 
it to the general engineering world 
Like all our relays, it is designed to 
operate under extreme ranges of 
temperature and humidity. 

On request If you will write or 
call, and state the application you'd 
plan to use it in, we'll be happy to 
send additional information, and a 
catalog of our entire relay line. No 
obligation, of course. 


sc 


STROMBERG- CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
TELEPHONE INDUSTRIAL SALES 
112 CARLSON ROAD, ROCHESTER 3, N.Y. 
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NEW PRODUCTS 


AMPLIFIERS, 
CONTROLLERS & 
ANALYZERS 


SERVO-AMPLIFIER LINE: Avail 
able in ratings of from 2 to 10 watts 
is a new line of 400-cvcle electroni 
servo amplifiers that complements its 
makers 400-cps power 
modulators astern 


Div. of Servomechanism Inc., 6 


Main St... Westbury, N. Y 


upplies and 
( omponent 


Circle No. @ on reply card 


COMPUTER NOISE GENER- 
ATOR: A_ new low-frequency noise 
generator is marketed for analog com 
puter use 
constant amplitude with 
width. The noise source consists of a 
radioactive sample and a Geiger tubc 
ictuating a flip-flop to generate square 


Output is a wavetorm of 
variable 


waves. The mean value of the output 
is within | per cent of the full scal 
mean, and the spectrum uniform is 
within 3 db from de to 300 eps. 

J. B. Rea Co., 1723 Cloverfield Blvd 

Santa Monica, Calif 


Circle No. 7 on reply card 


TRANSISTOR SERVO  AMPLI- 
FIERS: A recent offering of transistor 
servo amplifiers and companion size-5 
servo motor and motor generator 1 
said to perform beyond items hereto 
fore available. The servo motor (4 in 
max OD) delivers a stalled torque of 
0.2 oz-in. when at normal operating 
temperature The servo amplifiers 
(three of them) have input impedances 
of 10 k ohms, and gains of 3,500, and 
cases about the size of a cigarette pack 
age. Outputs will provide the size-5 
motors with as much as 0.17 o7z-in. 
torque. Iransicoil Corp., W orches 
ter, Pa, 


Circle No. 8 on reply card 


PHASE SHIFTER: ift 

deg lagging to 90 deg leading of 450 
volt-ampere, three-phase delta inputs 
are achieved by a vacuum-sweepetr 
sized device. The mechanical rotation 
of a transformer-like winding does the 
shifting, with scale indication in d 
gree and power factor.—Knopp, In 

4289 Holden St., Oakland 8, Calif 


Circle No. 9 on reply card 


ANALOG COMPUTER FEATURE 
An addition available for all “400 

eries REACs is a “Time Scale Check 

which, at the flip of a switch, runs the 
problem at half speed. A check of 
Corre ponding points immediat lv de 

termines whether the original speed 
introduced errors due t 
frequency limitation.—Ree Instru 
ment Corp., 215 I )] New 
York City 


omponent 


Circle No. 10 on reply card 


HIGH-PRESSURE REGULATOR 
APCO’s new manually operated high 
pressure regulator takes up to 4,500 
psi and is said to contain a host of 
unusual features—Accessory Product 
( orp., 616 W. Whittier Blvd... Whit 
tier, Calif 


Circle No. 4] on reply card 


REDESIGNED SERVOSCOPE: A 
multiple-signal generator and phas 
ingle detector for the analysis of 

tem dynamic performan now has 
had its face redesigned according to 
human engineering principles.—Secrvo 
Corp ot America 0-20 Jericho 
I'npke., New Hyde Park, N. Y 


Circle No. 12 on reply card 


PHASE-SENSITIVE AMPLIFIER: 
\ new amplifier for infrared detection 
ipparatus has bandwidth restricted to 
about 20 cycles at 450 cps, with di 

crimination against random phase sig 
\ bias source fo 
photocells is built in, with a microam 


nals in that range 


meter for the indication of bias cur 
rent.—Baird Associates, In Uni 
versity Rd., Cambridge 38, Ma 


Circle No. 43 on reply card 





“Doelcam_— 


LINEAR ACCELEROMETERS 


for Aircraft and Missiles 


ZERO CROSS-COUPLING 
NON-PENDULOUS TYPE 


Doelcam Linear Accelerometers sense positive or negative acceler- 
ations or both in either the vertical or horizontal plane. Designed 
for use in aircraft and missiles, they are available in a variation of 
ranges from + 0.5 g to more than + 50 g’s depending upon re- 
quirements. These units consist of a centrally located mass 
restrained by coil springs and supported on a linear-type ball- 
bearing. Any movement of the mass on either side of the null 
displacement position is measured by a potentiometer pick-off, 
providing a high level output signal. Viscous damping is incorpo- 
rated for improved dynamic response. Zero cross-coupling is in- 
herent with this true linear non-pendulous design. (Cross-coupling 
is defined as a change in output signal caused by an acceleration 
applied from any direction in a plane normal to the sensing axis) 
Excitation may be as high as 100 volts (A-C or D-C) depending 
on the potentiometer resistance. 


Shown Actual Size 






































LINEAR RESPONSE 

D-C OUTPUT SIGNAL 

VISCOUS DAMPING 

HERMETICALLY SEALED 

EXTREMELY RUGOED 

WEIGHT: APPROXIMATELY 0.9 POUNDS 
ENVIRONMENT: MEETS MIL-E-5272A 


SOLDIERS FIELD ROAD 
BOSTON 35, MASS 


A DIVISION OF MINNEAPOLIS-HONEYWELL 


Instruments for Measurement and Control 
Synchros + Gyros + Amplifiers + Microsyns + Servo Motors + Accelerometers 


“Doelcam_ ri 





Write for Bulletin LA-44 
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MV 
2D 


IR-226 ACTUAL SIZE 

® Rotary Armature 

© SPDT at 20 MW 

© DPDT at 40 MW coil input 


® Many variations available 


NORTH 


INDUSTRIAL DIVISION 


CONTROL 


ELECTRIC 


The IR-226 sealed sensitive relay 
was created by North to fill many 
of the most critical needs for air- 
borne system switching. This in- 
cludes full compliance with Mil 
specs. It does many jobs better than 
anything else devised for the pur- 
pose, according to reports from 
important prime contractors. Their 
testimony is backed by rapidly 
mounting repeat orders. Our field 
engineer in your area can quickly 
provide detailed application data 
on IR-226 and many other promptly 


delivered 


COMPANY 


530 S. Market, Galion, Ohio 


ENGINEERING 


NEW PRODUCTS 


CONDUCTIVITY CONTROLLER: 
An adaptation of its Series 97 temper 
ature controller has been designed by 
Fielden specifically for 
control. A single set-point knob on 
the front provides two-zone action for 
both alarm and Automatic 


compensation ror on 


conductivity 


control 
temperature 
ductivity variations limits the maxi 
mum error to plus or minus 2 per cent. 
It ivailable with a variety of con 
ductivity cells, and includes fail-safe 
operation.—Fielden Instrument Diy 
of Robertshaw-lulton Controls Co 
2920 N. Fourth St., Philadelphia 
Pa 

Circle No. 14 on reply card 


OSCILLATOR: = Sinus: 
from 1 eps to 1 me 
new oscillator with 
cent distortion for ar 
implitude. Output imp 
ohms, and the 0-to 
ontains no dc, ‘The 
radically new frequen 
cuit using only tv 
Donner Scientific Ce 
St., Berkeley 10, Calif 


Circle No. 15 on reply card 


POCKET ‘TRANSISTOR TESTER 
A fist-sized t 1 
vailable, will indicat 

le ikage ind 
vith the tester are fi 
istors and an inte 

Che list is $39.9 (, 


transisto 


current 


ilectron Park, 
Circle No. 16 on reply card 
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LIOQUID-LEVEL PROBES 

of liquid-level prot i 1 the 
process industries is offered in a variety 
of rugged metals with for 
ipplication Machinery 
Electrification, In North Mas 


Circle No. 47 on reply card 
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How to Control a Home Air Conditioner 


No. 2 of a series 


In this packaged high efficiency 
home heating and cooling system, a 
gas boiler and a water chiller combine 
to raise or lower the temperature ol! 
water circulating to the room condi 
tioner units. The problem was to reg 
ulate the temperature of the water 
precisely, by supplying or removing 
just enough heat, so that the desired 
room temperature would be assured. 

The solution was a Fenwal Snap 
Action THERMOSWITCH control, Series 
20000. Temperature range of thi 
particular model is 25” to 225”, and 
the setting is at 100 3°F. The de 
vice functions as a low limit common 
fan control for all unit room condi 
tioners. In the heating operation it 
permits fans to operate when the 
boiler 
100°F, shuts them off when water 


temperature drops below 100°F. In 


water temperature reaches 


the COO! ng operation the cover 
mounted toggle switch permits con 
tinuous fan operation and acts as an 


off-on switch for all room unit fans. 





LOCATION of the Snap-Acti 
SWITCH control in the air condit 
the boiler outlet, between the 
the pressure relief 
supply outlet. This cut-away 
its position relative to other el 


the te! central unit 





Shou ing the broad application range of By } al Control 


tion of the I od a he nap 
switch. Sines liquid completel 
surrounds the bellows and in direct 
contact with th nal ell. fast 
response is assured are avail 
able in six andar temperature 
ranges betweer und +300°H 
Units are UL apy 

—— 

| 


drapes le marathi Many Other Uses 
control otl w and ng Among the gre 
operations, Thi 


leal where 


ippica 
tions for Fenwa ap on THER 
MOSWITCH contro ar ot drint 


iccurate cont 


il load vending machit reial laun 
dry equipme! nercial dish 
washers and \ ny ol heaters 


Wherever accur: i e temper 


Oe FOR tare 
ARES FOR COCR ee 


ature control und { electrical 

load required 0000 and 

21000 units offer advantages found in 
; tet yntrol 


no other ther Lic CE 


For Your Own Applications 


and detect 
70000 Serv 
clude standart 
FAN ARE CONTROLLED | tne 
Action THERMOSWITCH unit a how? 
this wiring diagran 


ope rated 


Note the togywle 
top), Manual 
ooling, the ther: 

control switel 


ial fan connect 


OPERATING PRINCIPLE In the 
Fenwal Snap-Action THERMOSWITCH 
control, Series 20000 and 21000, con 
tacts in the head are actuated by a 
push-rod connected toa bellows in the 
liquid-filled shell. High thermal acti 
ity, necessary to combine close con 
trol with “snap” contact actuation, i 
achieved by converting the cubical 


expansion of the liquid to linear mo 


CONTROLS TEMPERATURES . . . PRECISELY 








Here’s the acknowledged peak of recording 
oscillograph development —-CEC’s Type 
5-119, usable for over 90% of all static- 
dynamic tests, regardless of their complex- 
ity. An unusual group of built-in safeguards 
against data loss has proved especially 
vital tests? valuable in aircraft flight testing and in 
missile testing, where conditions are often 
lots of data? impossible to duplicate and lost data can 
mean tens of thousands of dollars. In the 
air or on the ground, you can be sure when 
you use the CEC 5-119. 


then try 
CEC’s 5-119 
ig -lotelgeiiale 


ol -Toaiileleia-tela 


The 5-119 records up to 50 channels on 
records 12”x250 ft at speeds from 0.1 to 
100 inches per second. /nstant speed 
change of 10:1 is effected through a simple 
switch control. It uses standard CEC Gal- 
vanometers, with linear frequency response 
Also, the 5-119R, especially from 0 to 3000 cps. All controls and warn- 


engineered for vertical instal ing lamps are located on the front panel. 


lation. Effectively shock 
mounted, using little space, 
it's ideal for both stationary For complete information 


and mobile rack mounting about the 5-119 oscillograph, 
tilts forward easily for load 


ing and adjustment write today for CEC 1536B-X5. 


Consolidated Electrodynamics 
CORPORATION 
formerly Consolidated Engineering Corporation 


ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 
300 North Sierra Madre Villa, Pasadena, California 


Sales and Service Offices in: Albuquerque, Atlanta, Boston, Buffalo, Chicago, Dallas, 
Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, D. C. 
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NEW PRODUCTS 


CONTROL 
COMPONENTS 


HOSE FITTINGS A n pu h-on 
low-pressure fitting and a_two-bolt 
clamp fitting for high pl re appli 
itions come im siz mm 4 
through 4 in.—F lex iv. of 
Meridan Corp 
Inkster, Mich 


Circle No. 18 on reply card 


3-IN,. CRT CAMERA: Sai 

hirst camera pecihe ill 

use with 3-in. cathode-ray tub in 
device recently marketed it full 
binocular vision and produces a print 
2 min after exposure. ‘Tlic lens will 
enable writing speeds of up 
per microsecond with ¢ 
Allen B. DuMont Lab 

750 Bloomfield Ave 


Circle No. 419 on reply card 


MINIATURIZED CONNECTORS 
Ihe little connector hown im th 
right-hand side of the phot re said 
to offer greater reliability as well as r 
duced size. They are available in 14 
24,- and 36-contact siz« American 
Phe nolu Corp., Chi ig’ ) Oil 


Circle No. 20 on reply card 


PRINTED-CIRCUIT TUBE SOCK 
E'TS: A unique design for a tube socket 
places it at right angles to a printed 
circuit board, allowing dip soldering 
ittachment of the socket but normal 
freedom for the tube.—Ae1 ( 
New Bedford, Mas 


Circle No. 24 on reply card 


VIBRATORY FEEDERS: A new lin 

of vibratory feeds claims k powc! 

consumption and simpler construction 
Ihese vibrators work from 60-cycl 

current without rectific ind are for 

direct attachment to bins, ducts, etc. 
Eriez Mfg. Co., Erie 6, Penn 


Circle No. 22 on reply card 








MICRO Precision 


switches 











High capacity 
basic switch 


3 


are 


Subminiature 
toggle switch 


| ...THEIR USE 


1S A PRINCI 


13] 


Type "V3" switch 


"V3" rotary 
selector assembly 


A continuous flow of 
Precision Switch developments 





anticipates designer’s needs 


Whatever the design requirement 
whether it calls for unusually small size, 
unusually high electrical capacity or un 
usual actuation and circuit arrangement 
—there is a MICRO precision switch to 
meet it. That is why designers have 
long made it standard policy to check 
with MICRO SWITCH new 
develop. 


as needs 


Shown here are just a few small, com 
pact switch designs that are typical of 
MICRO SWITCH development Kk 
one of a whole “family’”’ 
reliable switches 


Type "V3" Switch. MICRO SWITCH 

‘v3"’ line the highest 
electrical capacity for their size of any 
switch ay ailable They have been dev el- 
oped to meet the exacting requirements 
of designers for an extremely small 
compact switch without sacrifice of 
quality. Actuators are available to per- 
mit their actuation by cams, 
other mechanical motion not in 
with the switch plunger motion 
for catalog 74 


“ac h is 
of extremely 


The 


switches have 


and 
line 
Send 


sl ides 


"V3" Rotary Selector Assembly. These 
assemblies are available with from one 
to eight switching units and from two 
to eight detent positions. Light in 
weight and small in size, these assem- 
blies are well suited for use in electronic 
and aircraft applications. Many as- 


available with various cam 
Send for catalog 74 


semblies are 
ming sequences 


High Capacity Basic Switch. ‘This switch 
combines high electrical rating with 
high inrush capacity The steady state 
current rating is 20 amperes, with in 
rush capacity of 75 amperes on voltages 
up to 460 volts a-c switches are 
especially useful for handling high in 
rush currents of 
tungsten lamps 


These 


motors and 
Send for catalog 62 


solenoids, 


Subminiature Toggle Switch. This is one 
of a number of subminiature toggle 
switch designs developed for subminia 
ture The toggle switch illus 
trated consists of one MICRO subminia 
ture switch the 
assembly is for 


assemblies 
riveted into stainless 
steel toggle bracket. The 
single-pole, double-throw service 
Double-throw switches « 
“normally open’’ or ‘normally closed”’ 
by wiring to either the normally open 
or normally closed terminals. (Send for 
catalog 75 


an be used 


MICRO SWITCH Engineering Service, 


MICRO 


PLE OF 


Circuit Arrangements 


GOooD DESIGN 


Type V3 Switch 


pole, double- 
Electrical 
150 volts 
d-« s ame 


This switch has a 
throw contact 
rating is: 10 amperes, 125 or 

, ampere, 125 volts 


a-c; 4 
pere, 250 volts d-« 


f ingle 
arrangement 








COM NON 
High Capacity 
Basic Switch 


Standard 
double-throw. | 
amperes 125, 250 or 460 volts a-c; 

ampere 125 olt d-« ; 
50 volts d-« Ll BH. FP. il 
2 H P 230 volt int 10 


volts when cont 


switche iré single pole, 


lectrical rating is: 20 

impere 
volts a 
imperes Lt 


fila- 


‘ 
) 


olling ten 


ment lamp loads on a- 


tung 


circuit 





Subminiature 
Toggle Switch 


Contact 
double 
throw 

ture 


arrangement is 
Double 
using two subminia- 
switches is available Electrical 
: 250 


single pole, 


throw pole double- 


assembly 
rating is » or 
a-c. The 30 volt d- 4 
rating is, inductive ° 
} amperes at sea 
level and 2 am 
peres at 50,000 feet, 
resistive 4 


5 amperes 1: volts 


im 
peres at sea level 
and 4 
50,000 feet, 
mum inrush is 15 
amperes, 


ampere at 


max 





experienced in precision awitching prob- 
lemma, is available—at the MICRO SWITCH branch nearest you 


Why not calltoday? 


Switch 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


in Conada, Leoside, Toronto 17 


+ FREEPORT, ILLINOIS 


MAY 
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NEW PRODUCTS 


SUPER SPRING: ‘Thy compressibil 

ity of fluids is used as the source of 

pring action in a line of combination 

shock-absorbers and springs with force 

substantially greater than anything us- 

ing conventional metal coil l'aylor 
Shop-talk among engineers in Devices, Inc., 188 Main St., North 
lonawanda, N. Y 


Circle No. 23 on reply card 


various industries is spreading the 
good news about the Phillips Plan 


a special combination of engineering ; 
POTTING KIT: Intended for us: 
skill*® and personal service lo put by electronic cngin interested in 
exploring the feasibilit ot potting 
the skids under a sluggish relay circuits, a kit is now available with 
clement tting at roo te Cr: 
problem, contact Phillips. Write us, = eo oe us 7 
ture, flexible molding material] dip 
or call your local Phillip man for insulating plastic and heat cured ma 
terial Plastronic .? () Box if 
prompt consultation Winter Hill 45. Ma 


Circle No. 24 on reply card 


FOR EXAMPLE: 

Phillips Engineered Relays 
meet the highly critical 
requirements of radar 


tracking equipment. 


TYPE 13 QA/TYPE 
13AC Power relay, live 
pole, single stud mounting 
O.D. 1-3/8" W « 

1-3/16" HH « 15/16" W 
AC and DC 


PLASTIC WIRING DUCI 
hght-weight wiring duct seen 


omes In sizes ranging from 1 b 


TYPE 3Q0A Multi D > ft to 3 by nm. Di rt I he 
contact relay, using short maker claims it won't warp.—Panduit 
coil for economy in size | 


and weight.O.D. U0., Dept CLN 10] »s Wash 
1-1/4° Wx 2-1/2° | Ave Chicago 4 [| 


tcnaw 
Circle No. 25 on reply card 
10 Weley Octal RELAYS & 
plug. O.D. 1-5/8" 
SWITCHES 


diameter « 2-19/64° 
SHORT PHONE RELAY: Designed 


for crowded circult 1M iled, hort 
MULTI-CONTACT, POWER, HERMETICALLY SEALED RELAYS . ACTUATORS 1 } 
form telephone relay can be supplied 


vith coppe! slugs for time dela pe 
cial contact materials, and coils up to 
38,000 ohms, single- or double-wound. 


A THOR CORPORATION SUBSIDIARY Ihe series SE relay com with a 
PHILLIPS CONTROL CORPORATION . . . JOLIET, ILLINOIS 


SALES OFFICES: NEW YORK PHILADELPHIA SAN FRANCISCO DENVER SEATTLE 
SANTA MONICA CLEVELAND DALLAS BOSTON WASHINGTON 








Friend or foe? Tactical defense officers in MINK control center watch movements of aircraft as reported from 
radar warning sites. This is equipment developed under the direction of Rome Air Development Center. 


ROME AIR DEVELOPMENT CENTER PROVIDES 
AIR DEFENSE EQUIPMENT FOR OUR AIR FORCE 


One development agency for the Air Force’s ground through its various contractors, of such end products 
based electronic equipment is Rome Air Develop is radar sites, including improved circuit 
ment Center, located at Griffiss AFB in Rome, N. Y antennae, and shelters; ground « unication 
One of the ten centers of the Air Research and equipment and associated support item kh 
Development Command, RADC is concerned with Identification Friend or Foe) environments, and 
the air defense of our nation, with providing equip electronic countermeasures. 

ment for tactical supremacy, and with developing Bringing complex systems from the written re- 
ground complexes for various navigation systems to quirements to the actual hardware items to be used 
aid all aircraft. In addition, RADC is charged with in the various Air Force command ong and 
data handling improvements for the Air Force tedious business which draw: up 

intelligence mission RADC's 500 civilian and milita 


RADC is the responsible center for development their many counterparts in private i 
I ] I J 


(a 84 
of FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY RAND CORPORATION 


31.10 Thomson Ave., Long Isiand City 1, N.Y 


Engineers at Ford Instrument Company 
eries of ads on the techriica 


working on a special Air Force project 
Dey irtment of Detens 


in one of the compony's laboratories 





BOURDON TUBE \ 


ADJUSTMENT a 


MELETRON 


Pressure Switch 





for Proof Pressures 
from 500 to 12,000 p.s.i. 


Competes on Price 


Wins on Accuracy 


EXTREMELY 
ACCURATE 


Simplicity of direct act- 
ing design plus rugged 
precision construction 
make for long, unchang- 
ing repeat accuracy 


Nate, that we don't use 
LINKAGES NGS 


whic hey wear, 


© drift. 


itd 
ie 





IN ANY 
POSITION 


on moving equipment, 
even under vibration, 
switch performs with 
equal efficiency. 





To get complete operating characteristics and specifications 
ask for bulletins 302 to 382. 


BARKSDALE VALVES 


PRESSURE SWITCH DIVISION 


5125 Alcoa Avenve, Los Angeles 58, California 
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maximum of ten form A or six form 
C Contacts.—Kurman Electric Co., 
Inc., 35-18 37th St Long Island 
City, N. Y. 


Circle No. 26 on reply card 


TIMER KIT: A new kit for the ex 
perimenter offers a quick and simph 
way of arranging prototype timers. Up 
to 12 cams may be used, with 96 tim 
cycle possibilitic Ihe kit includes a 
varicty of motors, gear witches, hard 
ware, and even tools, all housed in a 
wooden box.—Industrial ‘Timer Corp 
1407 McCarter Highwa Newark 
N.J 


Circle No. 27 on reply card 


MAGNETICALLY rRIPPED 
SWITCH: A little switch inside the 
clamped tube shown in the photo 
closes in the proximity of magnet 
fields as fleetingly as 8 millis It wall 
follow speeds of up to 200 cps for 
over 30 million cycles with the spdt 
contacts carrying up to 5 amps.— 
Post Machinery Co., Beverly, Ma 


Circle No. 28 on reply card 


ACCURATE DELAY RELAYS: 
I'wo new relays are said to be within 
} of 1 per cent accurate of full scal 
(30 sec and up), ind to within 4 of 
| per cent on faster range Contact 
ratings are 15 amps. ‘Type 412 reset 
upon power failure, while ‘Type 42. 
merely suspends action until power 
is restored.—The R. W. Cramer Co., 
Inc., Centerbrook, Conn 


Circle No. 29 on reply card 


WATERTIGHT ‘TRANSPARENT 
SWITCH: The makers of a line of 
limit switches claim that their new 
models (plastic covered so you can 





MODEL 1000S — Automatic 
wide-range electronic regula- 
tion with the original Sorensen 
frequency insensitive circuit in- 
corporating the safety diode. 
Regulation +0.1%. 


MODEL MA1000S — For un- 
attended installations requir- 
ing extremely dependable 
automatic line regulation. 
This tubeless unit offers stable 
long-life performance with 
minimum maintenance. Reguy- 
lation +0.5% over wide fre- 
quency range. 


SORENSEN & COMPANY, 


MODEL 10005 


SORENSEN 


ENGINEERS STANDARD MODELS 
TO MEET SPECIAL REQUIREMENTS 


to illustrate this flexibility, engineers can 
now choose from five 1000VA regulators! 








MODEL MA10005 


MODEL 1001 


MODEL D1200SAN 


Want 1000VA capacity in a low cost magnetic voltage 
regulator with 0.5% regulation? Then choose the new 
Sorensen MVR1000; compact, economical. Need 
1OO0VA, but with 0.01% regulation? Then choose 
Model 1001. For any requirement, any application, 
there’s a Sorensen 1O000VA unit engineered with you 
in mind. 


And the same thing is true for practically any specified 
requirement in the field of regulated power — what- 
ever you need, Sorensen makes it now or will make it 
to do exactly the job you want done, within the limits 
of your particular application. Sorensen offers you the 
widest possible range of characteristics. For research 
or industry, call on Sorensen — the world’s authority 


SEND FOR 1956 CONDENSED CATALOG 
New and more complete — gives condensed specifica- 
tions on a wide range of units for a variety of appli- 
cations. Be sure you have all available information 
when you specify — send for your copy today! 


375 FAIRFIELD AVENUE, 


STAMFORD, 


MODEL MVR1000 


MODEL 1001 


from unique, dependable 


Developed 


Sorensen regulating circuit, 
refined for ultra-precise 
+0.01% regulation 


MODEL DI200SAN — 
+0.25% regulation for 400 
cycle industrial and aircraft 
requirements up to 1200VA 


MODEL MVR1000 


cost compact magnetic voltage 


New low 


regulator for less exacting 
applications. Fully automatic 
+0.5% regulation with faw 
response time 


MAY 1956 


CONN. 
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Technical’s 
RECORDING CHART SERVICE 


has application for you 





DIGITAL COMPUTER RECORDS .. . 


Are you satisfied with your present computer 
recording forms? Contact Technical for help 
in developing computer or tabulating machine 
forms best suited for your statistical applica- 
tions. Information on Technicai’s “know-how” 
with computer papers sent upon request. 


“SPECIAL” RECORDING CHARTS... 
for new instruments or unusual process needs! 


Charts are vital to the new recording instrument 
design. Be sure you contact Technical when 
your project begins and eliminate recording 
problems at the start! For standard instruments 
! recording under unusual process conditions, 
Ae awe 4 Technical can supply “Special” charts on heat 
Hi ‘) or electro sensitive and other papers. Send for 
“Technical Notes” containing helpful new chart 
specifications. 


8000 STANDARD CHARTS... 
await your call! 


Chart supply is easy .. . and operating costs 
ore less . . . when you suggest to your pur- 
chasing men to buy all their chart needs from 
Technical. Technical’s acceptance by large and 
small ‘Blue Chip” companies is testimony of 
high chart quality. Automatic order process- 
ing and inventory control assure fast service. 
Write for Catalog 56 and stock list 


























Serving America’s Foremost Industries 


c€CHNICan CHARTS meonPonaTED 
BUFFALO 10, N.Y. 


Nationally Represented by TECHNICAL SALES CORPORATION 
16599 Meyers Road, Detroit 35, Michigan 


STANGARD CHARTS @ SPECIAL CHARTS @ COMPUTER PRINTING AND PLOTTING PAPER 
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see the contacts) are the first on the 
market to be fully watertight. Nine- 
teen contact arrangements are stocked. 

R. B. Denison Mfg. Co., 102 St 
Clari Ave., N. W Cleveland 13 
( Ih 0 


Circle No. 30 on reply card 


RESETTING SWITCH Small 
though it may be, this little switch 
contains a solenoid that opel 

detent holding the toggl 

the “on” position Hence power 
interruption causes the handle to snap 
to “off”. Manual operation to “off 

is also possible, even though power | 
on. It will handle a 2-amp inductive 
load for 25,000 evel kclipse-Pio 
neer Div. of Bendix Aviation Corp 

leterboro, N. J. 


Circle No. 31, on reply card 





PIME-DELAY RELAY: The TR-30 
thermal time delay relay handles up 
to 30 amp with delays up to 3 min, 
factory adjusted to within 10 per cent 
It can be supplied hermetically sealed 
with spst or spdt contacts. Operating 
voltages range up to 220 ac.—Precision 
Magnetic Devices, Inc., P. O. Box 
12. Hackettstown, N. J 
Circle No. 32 on reply card 


60-AMP ROTARY SWII 


many as three section 


CH 


to this rugged rota 
up to 24 separat 








ALERT: Window of first off-normal 
flashes red; audible . First alarm 
identifiable 


and following alarms. 





ALERT: Subsequent alarms indicated 
by flashing white windows now added 
to above condition. Signals lock in on 
momentary contact. 





OFF-NORMAL: Operator presses ac- 
pe pe «ese! ee eee Nae 
signal; signals change from 
flashing to steady-on. 








Panalarm “VS" Annunciator 
identifies first off-normal 
from subsequent alarms for 
rapid corrective action 


You gain the control advantages of an audio-visual information 
system, not just an alarm system, with the Panalarm “50VS” Visual 
Sequence Annunciator. This is particularly valuable when one 
off-normal condition will cause a “chain-reaction” of off-normals 
Typical Panalarm applications are found in the process industries 
and among users of automatic machinery. 


The original off-normal is clearly identified, enabling the operator 
to take immediate, corrective action. A considerable saving in 
down-time can often be effected simply by knowing the original 
source of trouble. 


Panalarm “50VS" is completely flexible in setting up various 
sequential groups. Any number or combination of signals may be 
grouped as an independent sequence, and the groupings may be 
changed at any time by simple jumpers on the terminal block 
Signals may be either illuminated nameplate or bullseye indicators, 
combined with a horn, bell or other audible signal. Signaling is 
simple and positive. A typical sequence is illustrated on the left 


Write for literature on the “50VS” and other Panalarm Annunciator 
Systems. A Panellit sales engimecr will be happy to make a survey 
of your production operation to determine whether a Panalarm 
system can help increase efficiency and safety in your plant 


Ali Panalarm Annunciator Systema are 
completel mod le permitting future 
growth and changes ve photographs belou 
ulustrate a typical Panaliarm Cabinet with 
illuminated nameplates and the hermetically 


Engineered f 
Information 
Systems for ft ‘y 


industry 


Panalog 
Information Systems 


Division of 
PANELLIT, INC. 


: , 7461 N. Hamiin Ave. 
lactrement Skokie, tii. 
Control Centers Services Division 


Graphic Ponels 





Panellit of Canada Lid. Toronto 14 
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rated for 60 amps contin 


a : 35 amps inductive at 28 vde and 
im 50,000 feet. Mason Electr Orp.. 
CLA 539 Verdugo Rd., Los Angel 
: j 
«ms Circle No. 33 on reply card 
MOBILE PATROL SURVEILLANCE 


LETS YOU 


SEF SHORTING SWITCH 


horting action, thi V1 

IN THE DARK furnished with enough blades so that 
only one contact remains open [ p 
to 24 fingers per deck are stocked. 

It’s called the Multi-Finger Progr 
Shorting ‘Type Switch, Daven 
24-bM Ihe Daven Co 0 
Mount Pleasant A\ | 


FILM PROCESSING Circle No. on reply card 
INSPECTION 34 Ply 


MEDICAL BIOLOGICAL RESEARCH 


a > wiP a 
. __ MILITARY 
ax, eto LAND-SEA-AIR 


ae 4 APPLICATIONS 
“hf «4 
Another example of Farns- Soe a 


worth’s pioneering achieve- 
ments in the field of infrared. 


Originally developed for the 
military this compact, light 


HIGH-POWERED RELAY 
weight Viewer is proving 


ing heavy contacts in a va 
ker ot this rodu t in vit h 
equally useful in industry and ae 
9 Y y to 22,000 volts at low amperage, 
science, wherever there is a al 
aera up to 30 amps at up to 250 volts. 
need to see in the dark. was originally developed for 


For complete details on the spectrographic arc and 


Infrared Viewer write Dept. ; i a ta ind has spot contacts.—| 
V.56 Cre = i a tori Inc., Santa Barbara 


Circle No. 35 on reply card 


DOUBLE-PRESSURI SWITCH 
By ounting two indepen 
FARNSWORTH ELECTRONICS CO. + FORT WAYNE, INDIANA — "mounting vo in 
a division of International Telephone and Telegraph Corporation has come up with 
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Your industrial Supply 


MOVEMENT 


in the 
ASHCROFT 
DURAGAUGE 
outperform all 


other types? 


ROTARY GEARED MOTION, the most 
efficient and perfect method of transmitting 
mechanical motion ever developed. Because rotation 
is around a fixed center, pointer position is always 
positive. No other type of movement can eve! 
achieve this result 











Distributor will gladly help Coupled to the movement is a one-piece 
you select the right Ashcroft connecting link that guarantees correct calibration 


Duragauges for your partic- and prevents slippage or parting under tension 


ular needs. You can always Accurate recalibration is easy from front or reat 


depend on him for prompt of the movement. Universal adjustability permits 


service 


oF ee 


the use of uniformly graduated dials, thereby 
facilitating maintenance 


The Ashcroft Duragauge is available with 
all-stainless-steel movement or stainlk tee] 
nylon bearings and pinion gear. There are ca 
designs and materials, Bourdon tube material 
pressure ranges and dial sizes to meet your service 
conditions exactly. Save time, trouble and mone’ 
Specify the pressure gauges of highest sustained 
accuracy and durability — Ashcroft Duragau, 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


ASHCROFT GAUGES 


MAXWELL 

if \e 
| 

| 


“Al 
z 


HAOt wane 





A product of MANNING, MAXWELL & MOORE, INC. StRatTroRD, CONNECTICUT 


MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN MICROSEN 
INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Moss. CONSOLIDATED’ SAFETY 
RELIEF VALVES, Tulsa, Oklahoma. AIRCRAFT CONTROL PRODUCTS, Donbury & Stratford, Conn. and Inglewood, Calif 
“SHAW.BOX’ AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, 
Muskegon, Mich 


1217 





SPAN Cet] Yo) me TIMING | 


Guaranteed to pull 8 in. oz. at 1 RPM; operate smoothly, 
evenly in any position at temperatures from —40 to 140 

F, Start instantly under load. Available in 42 speeds from 
0.8 RPM to 600 RPM 


HIGH TORQUE MOTORS available with 20 in. oz. guar- 
anteed torque at 1 RPM 


1. Patented 2-piece field structure with wide and narrow 

poles; rotor rotates between inner and outer poles; 
properly shaded with heavy, continuous copper rings; 
assures maximum starting and running torque 
Double bearings in reduction train and on rotor shaft 
assure smooth operation, sustained accuracy, long 
wear 
Aluminum rotor ring support, light weight, rigid 
Patented, hardened steel rotor ring 
Oil storage reservoir with patented oil feed to bearings 
permits motor to operate in any position 
Energizing coil meets Underwriters’ requirements, with 
ample safety factor 
Heavy brass rotor cover 
Double bearings on output shaft for long wear 
Sealed gear case prevents oil leakage 
Four standard mounting holes. Two hole mounting 
available on request 
Brass gears 
Steel pinions. NOTE: Brass against steel assures long 
er life 
Bakelite gear for quiet operation. 
Output shaft shown equipped with 10 tooth 54 pitch 
pinion, .130 in. face. Also standard with 10 tooth 48 
pitch pinion, .130 in. face; or solid steel shaft Yq in. 
dia, x ¥% inches. Special drives available. 


SYNCHRON TIMING MACHINES 


Four basic external assemblies available, in combination 
with Synchron “610"' Motor. Friction clutch eliminates pos- 
sibility of damaging built-in gear train. Speeds from 10 


RPM to 1 RP24H. 
wy 
“ft 


HANSEN MFG. CO., INC., PRINCETON 14, IND. 


*Werkhorse of, the industry” 


FILL OUT READER-SERVICE CARD OR CONTACT REPRESENTATIVE: 


FACTORY REPRESENTATIVES: The Fromm Co., 5254 W. Madison St., Chicago, Ill. © R. H. Winslow 
Assoc,, 123 E. 37th St., New York, N. Y. © Electric Motor Engineering, Inc., 8255 Beverly Bivd., | 


Les Angeles, Cal. © Lowrence Sales Co., Box 13026, Dallas, Texas. 
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signal when pressures rise above ideal 
limits as well as above safe limits. It 
comes in three classes of proof pres 
ures: 6-, 30-, and 120-psi, with ad 
justable ranges of from 0.05 to 100 
psi.—Pressure Switch Div. of Barks 
dale Valve Alcoa Av ( Angeles 
58, Calif 


Circle No. 36 on reply card 


DETECTORS 


PRESSURE POT: A nev pressure 
transducer, using resistan lement 
of from 2 k to 50 k ohm, is said to be 
its maker first excursion into the 
pressure tran ducer field Output 1s 
proportional to altitude from 1,000 
to 20,000 ft with the u of both 
ibsolute and differential pressure el 
ments. Each element pot ha dual 
functions as well. Air speed readings 
of from 205 to 590 knot ire also 
within the instrument range—Com 
ponents Div. of Fairchild Control 
Corp., 225 Park Ave., Hicksville, N. ¥ 


Circle No. 37 on reply card 


PRESSURE ‘TRANSDUCER \ 
thumb-sized flush-diaphragm pressure 
transducer uses a bridge circuit for 
1 80 mv max output. The stainle: 
steel device is offered in ranges from 0 
to 15 to 0 to 5.000 psi absolute. Nat 
ural frequency is 5,000 cps.—North 
American Instrument Inc., 2420 
North Lake Ave., Altadena, Calif 


Circle No. 38 on reply card 


LEVEL INDICATOR: An improved 
level indicator for granular or powered 
material detects the presence of solids 
by the restraint offered to a rotating 
paddle. It will operate at temperatures 
up to 300 deg F.—The Fuller Co., 
Catasauqua, Pa. 


Circle No. 39 on reply card 





BRAINS 


FOR THE 


FLYING SAUCER 


»»- when ftliying saucers ride the air! 


Figment of the imagination ... or practical development of 
tomorrow? 

AC is ready. In the research and engineering laboratories of AC, 
control systems are now in development which are casily capable 
of handling any of the special guidance or navigational problems 
that a flying saucer would be likely to pose. 

It is that ability to stay a step ahead which has built AC's 
reputation as one of America’s foremost sources in the fields 


of electro-mechanical research, development and production, 


Guided missile... or flying saucer. AC is ready now! 


ELECTRONICS DIvViStOonNn OF GENERAL MOTORS 


Flint, Michigan « Milwaukee, Wisconsin 
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Portrait of one engineer doing the work of two 


> 


...A PERSONA 


L TOOL 


FOR EVERY ENGINEER... ANALOG 


DONNER comeane 


CONTROL 


ENGINEERING 


COMPUTER 


MODEL 30 

Simplified analog computer 
solves wide variety 

of engineering problems. 
Detachable problem boards 
and plug-in components 


facilitate rapid problem set-up. 


Function generator, multiplier, 
chopper stabilizer, and other 
accessories available. 


Model 30, $995 F.0.B. Factory. 


2845 Seventh Street 
Berkeley 10, California 


WRITE FOR COMPLETE DATA 


| NEW PRODUCTS 


ee 
ALTITUDE SWITCH: Adijustabl 


for any setting in the 2,000-to-5,000-ft 
range is a new altitude switch with IL 
imp contacts. It’s accurate to within 

per cent—Aecro Mechanisms, In 
Box 34628, Los Angeles, Calif 


Circle No. 40 on reply card 


PNEUMATIC TRANSMITTER: To 
be used for measuring temperature 
Or pressure, a new pneumatic tran 

mitter converts temperatures of from 
minus 375 to 1,000 deg F or pressure 

of from 40 to 600 psi to a standar 
3-to-15-psi output he instrument 
operates on the force-balance prin 
ciple, which means that full scale de 
flection of the primary measuring ele- 
ment is only a few millionths of an 
inch. A_ small stainless-steel bulb 
acts as the temperature pickup.—In- 
dustrial Controls Div. of Minneapoli 

Honeywell Regulator Co., Philadel 
phia, Pa 


Circle No. 41 on reply card 


ie. 


PRESSURE-TRANSDUCER TEST- 
ER: The unique construction of a 
new pressure indicator enables read- 
ing to within 0.31 psi through a 
range of from 0 to 600 psi. One of 








' . 
its feature is electrical output for f 


recorder operation It uses no springs, 

bellow diaphragms, or Bourdon BARBER ma 

tubc ind tolerates sudden pressure 

surg Ihe ultra-sensitive device is COLMAN 

intended for use by pressure pickup O ore 
makers as a calibrating source.—Man ts 7, 

ning, Maxwell & Moore, Inc., Strat 


ford, Conn drive counters in new Hycon digital instruments 
Circle No. 42 on reply card 











Direct-reading, 3-digit display gives quick, accurate data for users of 
the new Hycon digital volemeter, shown below and its companion 
instrument, the Hycon digital ratiometer. To drive these count 
ers, Hycon Mfg. Company selected high-torqu Barber-Colman 
BYAE reversible motors designed for control by electronic cif 
cuits with impedance coupling. Low-inertia rotors permit fast 
reversing and 

follow uy Just 

another « xample of 

how Barber-Colman 

supplies the right 


motor for the job! 


FLUTTER ACCELEROMETER: 
Designed for flutter and vibration de 
tection of small and light components, 
a new miniature vibration pickup has 
less than 0.99 cu in. of volume, and 
is designed for 500 to 1,500 cps in- 
puts, yiclding 30 millivolts full scale 
per volt input Response is said to 
be within 3 per cent up to 300 cps 


Gulton Mfg. Corp., Metuchen, N. J. 
Circle No. 43 on reply card 


the complete line of Barber-Colman motors includes unidi- 


rectional, synchronous, and reversible motors up to 1/20 hp. 


With and without reduction gearing open or en 


me 4 closed rypes. Expert engineering service available to 
help you get the exact motor for your application 
BAROMETRIC PRESSURE 
SWITCH: The little switch seen here 
can be precalibrated for operation at Cc 

can be. precalbrated for ope 6 sarber-Colman Company 

Aircraft Control Div. of Gorn Ele DEPT. E, 1248 ROCK STREET, ROCKFORD, ILLINOIS 

tric Co., Inc., Stamford, Conn 


Smoll Motors «Automatic Controls .industrial Instruments Aircraft Controls .Air Distribution Products 
Circle No. 44 on reply card Overdoors and Operators «Molded Products «Metal Cutting Tools «Machine Tools. Textile Machinery 


Write today for free copy of new Catalog F-4271-6 
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PRATT & WHITNEY 


manufactures all the 
types of GAGES and 
AUTOMATIC 


CONTROLS 
for the Steel Industry 


AUTOMATIC 
SCREWDOWN 
CONTROLS 


... provide fully automatic 
control of strip thickness. 
Now on the job in more 
than 25 mill installations. 


BETA RAY GAGES 


..» Without touching the 
material, these gages con- 
tinuously indicate and record 
thickness or weight devia- 
tions in strip or sheet steel, 
tin plate, brass, aluminum, etc. 


X-RAY GAGES 


... Simple to install and 
maintain. Stability is ex- 
cellent, unaffected by 
voltage fluctuations. Com- 
pensated for alloys. Used to 
gage a wide variety of 

sheet and strip materials. 


CONTACT GAGES 


... Model D Continuous 
Gages coupled with P&W 
Automatic Controls can 

be arranged to operate 
warning lights, audible sig- 
nals and shut-off devices, as 
well as automatic controls. 


AUTOMATIC 
TENSION and SPEED 
CONTROLS 


... provide continuous and 
complete feed-back control 
for applications where a 
vernier on the screwdown 
is required. 


Write for gage literature. 


PRATT & WHITNEY COMPANY 


INCORPORATED 


@ Charter Oak Boulevard, West Hartford 1, Connecticut 
Direct Factory Representatives in Principal Cities 


| NEW PRODUCTS 


LOAD DETECTOR: Weights of up 
to 10,000 Ib are detecta in.- 
diam load cells recently marketed for 
pace-shy installation.—Baldwin-Lima 
Hamilton Corp., Philadelphia 42, Pa 


Circle No. 45 on reply card 


PLUID-LEVEL ‘TRANSMITTER: 
lor use with highly corrosive fluid 
1 new level transmitter-detector pro- 
vides a vacuum signal proportional to 
liquid height. By placing its float in 
a stillwell, the instrument can be 
used as an indicator of flow rate 
Fischer & Porter Co., 55 Jacksonvill 
Rd.. Hatboro, Pa. 

Circle No. 46 on reply card 


LOAD-SENSITIVE SCREWS: By 
placing tiny strain gages in screws and 
bolts, the maker of this if juips it 
tor service where the « bution 
important, Howev 
the product offers a un 

way to electrically detect | 


ot screw loads is 


character on bolted a 
phase Instrument Ci 
Rd., Bryn Mawr, Pa 
Circle No. 47 on reply card 


LOW-PRESSURE DIAPHRAGM 
MANOMETER: I where 
ranges do not exceed 4 in. of water 
ind static pressure is not psig 

a large stainles luted 
diaphragm manometer, di ped for 


; 


ictuating recording, indicat! con 


KEEP QUALITY UNDER CONTROL WITH PRATT 4&4 WHITNEY 
CONTINUOUS GAGES AND AUTOMATIC CONTROLS 


MACHINE TOOLS « GAGES « CUTTING TOOLS 





me NP) CHAMPION 
» 


we mo CATHOOE RAY OSCILLOGRAPH 
ont oe “iran @ 


witnety 








CONDENSED SPECIFICATIONS: 


VERTICAL DEFLECTION: sinusoidal response, flat 
to d.c., down not more than 30% at 150 kc; deflec- 
tion factor, 20 p-p mv/inch. 
HORIZONTAL DEFLECTION: identical to vertical 
axis except deflection factor, 25 p-p mv/inch (due 
to higher deflection factor of horizontal deflection 
plates). 
SWEEPS: mode, driven or recurrent; frequency, 2 cps 
to 30kc; beam gate, automatic during forward sweep. 
AMPLITUDE MEASUREMENT: (both X and Y axes) 
range, 0.1, 1, 10 and 100 volts full scale; accuracy, 
+ 5%. 
PHASE SHIFT: amplitude controls at max., less than 
1° below 150 ke. 





350 


Not just another low-frequency 
cathode-ray oscillograph but a de 
cidedly grown up instrument com- 
bining the best features of the 
laboratory standards by Du Mont 
which have gone before it. All these 


features and more: 


Exceptional stability —all voltages 
regulated 


No drift —less than 10 mv in 8 hrs. 
including 10% line voltage changes 


Identical X- and Y-amplifiers 
Amplitude calibration on both axes 


Accurate X-Y plotting at frequencies 
from d.c. to 150 kc. 


Ideal for precise phase shift 
measurements—less than 1° relative 
phase shift below 150 kc. 


Superior sweep linearity with 
hard-tube circuit 


Automatic beam brightening 
on sweeps 


Automatic beam brightening 
for transient plots 


High brightness —3KV acceleration 


Provision for very slow sweep rates 


ONY oe? 


IMMEDIATE DELIVERY! 


Write for complete specifications 





Saves 40% Space! 


TRONGER, TO 


Than Outmoded on 
Tie Rod Cylinders! : 


< 
OFF SHEE 
DELIVER’ 


y ’ 


P 


CYLINDERS 


Offer All The Extras As Standard! 


@ NEW exclusive Ingenious Cushion Designs . . . Super Cushion Flexible 
Seals for Air. . . New Self-Aligning Master Oil Cushion 


@ Compact design eliminates tie rods, saves up to 40%, space 
@ Proven Performance . . . with Extra High Safety Factor 
@ Hard Chrome Plated Bodies and Piston Rods (Standard, at no extra cost) 


@ Oll pressure up to 750-—AIR to 200 P.S.I. 





You'll find many answers to automation in 
your plant with T-J Spacemaker Cylinders! 
Designed with years-ahead features for top 
performance and dependability. Wide range 
of styles, capacities .. . for all kinds of push- 
pull-lift operations . . . reduces man-hours and 
costs! Write The Tomkins-Johnson Co., 
| as i 7 {1s ) / ; Jackson, Michigan. 


PACEMARID — provider eaeinenas ream to MEMBER OF THE NATIONAL FLUID POWER ASSOCIATION 


eajeren! eqew 


NEW LITERATURE . . . send today TOMKINS-JOHNSON 


for new Bulletin with complete RIVITORS G10 AND WYORAULIC CYLIROERS CUTTERS cilmewoes 











details of Spacemaker line. 
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NEW PRODUCTS 


trolling instruments.—Taylor Instru 
ment Companies, 95 Ames St Roch 
ester 1, N. Y. 


Circle No. 48 on reply card 


We 


% ‘ Secs 
- v alee ¢ 
oe 


ee 


PHOTOELECTRIC PAIR: This dé 
ign seems worth attention One 
watertight sphere contains the light 
source, the other the photccell, am 
plifier, and pilot relay. ‘To simplif: 
matters to the extreme, each sphere 
mounts right on the end of the elec- 
trical conduit. — Hancock Industries, 
6711 S. Sepulveda Blvd., Los Angeles 
45, Calif. 


Circle No. 49 on reply card 


SHOCK ACCELEROMETER: Thx 
natural frequency of this acceleration 
sensor is 70 kc, with linear output to 
at least 14 ke. Output is 3 millivolts 
per g, from a piezoelectric pickup lin 
ear up to 30,000 g’s The 0.35-0z 
weight is not likely to modify the 
mass characteristics of many struc 
tures.—Endevco Corp., 161 E. Cali 
fornia St., Pasadena, Calif 


Circle No. 50 on reply card 


POWER 
SOURCES 


AIRCRAFT POWER SUPPLIES 
200 volts three phase t00 les in 
and out of the Chatham type 25V100 
power supply comes 28 vde, at 100 
amps. It weighs under 17 lb and 
features fair regulation unst both 
line and load variation Aircraft In 
strument Dept. of Chatham E] 
tronics, Livingston, N. |] 


Circle No. 51 on reply card 





@ Manytacturing @@ Manufacturing and product development @@@ Manufacturing, product development and research OBS Piiot manutacturing product development and research 


GPE CAPACITIES 
Precision Mechanics, Optical Devices, Ceram 
Electrical Equipment and Components 
Electronics 
Hydraulics, Liquids Processing, Heat Exchange 
Television, Studio, Theatre, Business titutiona Wustria 
instruments, Servos, Contr eumat Magnet Electronic 
Aircraft and Missile Guidan r r atior 
Automatic Computers and Component 
Radar, Microwave, Ultrason 
Motion Picture and Audio Eq 


Nuclear Power Components and 


SYSTEMS ENGINEERING 


Librascope Desk-Size Computer 
: Ashania Electro-jet 
il " GPL industrial-institutional TV System Power Pack 


Link Aviation Griscom-R i 
nn : sco usse 
F-890 jet Simulator Shipboard Distilling Plant 


he GPE Companies are leaders in that small clect group in 
American industry which is broadly qualified te 
produce the tems necded today for defense and industt 
GPE leader hip iccounts for some of the most advanced 


tems in use in busine television, aviation, marin tec] tand 


ind other industrial field ind technicia 
In Systems Engineering, high] ( capacitic 


resources are prerequisite Yet, no matter how highly advanced to that pi b] 
that th 


that will find the an 


they are of little use if limited to a few area Finding optimum mcan 
olutions to ce mplex ystem problem calls for balanced com 
petence And beyond that, succe ( [ e consistent 
ipplication of such competences ; vel beginning 
with research, and extending all th 
production and fin il testing 
No GPI 
pecialtic 
Precision 


in the 


GENERAL PRECISION EQUIPMENT CORPORATION 


THE GPE @ KEARFOTT COMPANY, INC. QPINTERNATIONAL PROJECTOR CORPORATION QD BLUOWORTH Manin 
PRODUCING @ GENERAL PRECISION LABORATORY INCORPORATED QQTHE GRISCOM-RUSSELL COMPANY Q@DLINK AVIATION, IMC 
@ SHAND AND JURS CO. QDTHE HERTNER ELECTRIC COMPANY @THE STRONG ELECTRIC CORPORATION 
COMPANIES @ |. & MCAULEY MFG. CO. QJASKANIA REGULATOR COMPANY Q)AMPRO CORPORATION QD LIRRASCOPE, INCORPORATED 








NEW PRODUCTS 


PM ALTERNATOR: if 
ER ARERS output 1s the forte of a 1|.6-in.-diat 
|.5-in.-long permanent-magn 


nator. 24 va in 1, 2, or 3 phases is the 


e output, at 400 cycles, driven at 12,000 
designed beyond rpm. Applications: tach generator o 
three-phase power source for driving 

ervo motors and gyro Avionic Di 


requirements of John Oster Mie’ Go, Racine, W: 


Circle No. 52 on reply card 


REFERENCE SOURCE A plum 
ized can takes inputs of from 95 to 
135 volts at from 370 to 430 cps, at 10 
ma, to yield a 6.2-volt output (with 
other voltages available It’s regulated 
to within 0.1 per cent and provides up 
to 10 ma. Circuitry is all-magnetic. In 
quantiti the price | $35 each 
Stator Electric Corp., 4¢ sth St 
Woodside 77, N. ¥ 


Kod Circle No. §3 on reply card 





y vERrica 
Gree 


VOLTAGE REFERENCE: ‘Thes 
tubeless voltage references take care 
KEARFOTT COMPANY. INC of short circuit conditions without 
LITTLE BALLS. NJ blowing fuses, and input variation 
. from 35 to 135 volts, and produce up 
to 1 amp. Input is 25 va at 400 
cycles and output is up to 20 volt 
dc.—Timely Instruments & Controls 
Corp., 1645 W. 135th St., Gardena 
Calif 


Circle No. 54 on reply card 


KEARFOTT COMPONENTS INCLUDE 

SUPPLY LINE: Voltages of from 

to 375, currents of from | to 1m} 
regulation to within 0.1 per cent, and 
transient response to within 0.1 milli 
sec, are the outside characteristics of 
1 new H series of adjustable pow 
upplies.—Universal Electroni ( 
1720 22nd St., Santa Monica, Calit 


Circle No. 55 on reply card 


NO-WATER BATTERY: A new 

said to be the first truly solid-state bat 
tery, can furnish up to 200 volts from 
a l-cu-in. package. Shelf lif 

vears is predicted. Currents are 

the microamp rang 

cents per volt, and 
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models are foreseen.—Battery Div. of 
P. R. Mallory & Co., Inc., North 
l'arrytown, N. Y. 


Circle No. 56 on reply card 


NUMERICAL 
IN NATURE 


DIGITAL PRINTOUT: Not satisfied 
with the printout alone, this machine's 
designers have put together something 
that will add, subtract, and totalize 
on input pulses of from 19 to 25 milli 
seconds. Operating speed is 60 lines 
per min with an output of 11 decimal 
places.—Remington Rand  Univac, 
1902 W. Minnehaha Ave., St. Paul 
W4,. Minn 


Circle No. §7 on reply card 


PULSE BURST GENERATOR: A 
group of new pulse generators pro 
vides a string of accurately spaced 
and numbered pulses for each trigger 
ing input pulse. ‘Three models are 
provided, from 1 to 1,024 pulses per 
burst, with spacing between pulses 
from 20 microsec to 32.7 mullisec 
Number or spacing can be variable or 
factory set The generators are en 
cased im a shoe box SIZ enclosure, 
with plug-in terminals, Output can 
be either 15 volts negative with 25 
ohms impedance, or 35 volts positive 
(switch selected) with 100 ohms im 
pedance. Pulses are 1.5 microsec du 
ration, with 0.15 miucrosec rise time 
lriggering pulse can be from 0.5 to 
50 volts in amplitude with a duration 
of at least 0.5 microsec; 115 vac 60 
cps powers them.—The Jacobs Instru- 


ment Co., Bethesda 14, Md 
Circle No. 58 on reply card 
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THE Jet Pipe AGE IS HERE... 

FOR PRESSURE, FLOW, COMBUSTION 
OR RATIO CONTROL 


and so is the 


ASKANIA 


Jet-Pipe Regulator 


. + the simplest accurate long- 
life solution to any regulator problem 


e Check your most desirable specifications for the tpeat regulator to 
control pressure—flow—combustion—proportion—other variables 


Do they include 


1 Rugged Construction 2 Dependability 3 Long Life 4 Accuracy 5 Speed 
6 Inexpensive Maintenance 7 Unimpeded Operation in Freezing Weather 
8 Freedom for use ANYWHERE? 


All these features are common to all ASKANIA Jet-Pipe Regulators, 


From Minute Signal to POWERFUL FORCE 


The real magic behind the Jet-Pipe Regulator is the power which can be 
initiated by a minute signal—the degree to which the signal can be amplified 
—and the speed and accuracy with which it can be transmitted, The conver- 
sion of kinetic energy (velocity pressure) into potential energy (static pres- 
sure) is an important factor which multiplies the dependability you can 
expect in every ASKANIA control, The heart of ASKANIA Regulators—the 
Jet-Pipe—is practically frictionless, Bearings are continuously immersed in 
oil. Condensation and freezing are impossible. In every way, ASKANIA Reg- 
ulators are designed and built for continuous, trouble free service over 
the years. 


Applicable to these Controlled Variables : 
PRESSURE (Gage, Absolute & Differential) « DRAFT *« COMBUSTION + FLOW 


LEVEL ¢ DEPTH « RATIO © SPEED « DENSITY « CONSISTENCY « EDGE POSITION 
AND OTHERS 


What is your problem? For further information on the type of regulator 
control which best fits your operation, send today for Bulletin No, 139 
and 155, Write the ASKANIA REGULATOR COMPANY, 266 East Ontario St., 
Chicago, Illinois. 


ASKAWNIA precutaror company 


“CONTROLS FOR INDUSTRY’’ 
HYDRAULIC, ELECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS, 
ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


A Subsidiary of General Precision Equipment Corporation 
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POST 5° 96 NEW PRODUCTS 
ca ’ 


O 
P8008 MAGNETIC 
SWITCH 


. . » for accurate, 
high-speed, 
industrial use 


q SEALED 
SWITCH 
ELECTRONIC COUNTER: Litt! 
larger than a desk dictiona i new 
2,000-cps counter indicat to four 
digits by glow tubs As an interval 
timer, it works with a motor and pho 
tocell circuit to measure in intervals of 
1/10, 1/100 or 1/1,000 sec—Hunter 
Mfg. Co., 930 S. Linn St., Iowa Cit: 
lowa., 


Circle No. §9 on reply card 


Positive ‘sensing from 
zero to 100 cycles per second 


The Post model MH-2 is a magnetically operated high-speed 6) 19 Cee 
‘oO 


WRIGHT ,\Orbee)|I 


I ‘8 'O 


switch which is controlled by the proximity of a magnetic field. 
When the magnet reaches the face of the sealed switch, there is 
a clean ‘make’, or contact, and as the magnet moves away, a 
positive ‘break’ occurs. No lag . . . no jumping. 

Unique in operation, the MH-2 works fully as well at low NAVIGATION COUNTER: A 


‘ . ° ovid 

speeds. For example, a clearly defined ‘make’ and ‘break’ is merical navigation readou VIGES 
the words “left” and “right’’ in addi 
tion to numerical indication he 
words pop up whenever th ount 


possible at any speed range from zero up to 100 cycles per 

second, The MH-2 has a ‘life’ of over 30 billion cycles. 
Post’s MH-2 is an ideal sensing device for actuating electronic goes through the zero point Durant 

and mechanical counters, controls, solenoids, relays, and other Mfg. Co., 1929 N. Buffum St., Mil 

electrical and electronic circuits. Write Post for descriptive litera- waukee 1, Wis. 

ture “M” today. Circle No. GO on reply card 


See us at Booth #902 Design Engineering Show 
; 7 >}; . , ) 
-\ May 14-17 Philadelphia, Pa. DELAY LINE: Tapped « two m 


- 
crosecs, a new delay line off 1 total 
. + de lay of 200 pe Sec with in npedan 
Electronic Products Division at Get utes ie © sien tone of 4 0 
sec.—Components Div. of Litton In 
4 a POST MACHINERY CO. dustries, 215 S. Fulton A Mit. \ 


non, N. Y. 
Elliott Street—-Dept. M Beverly, Massachusetts Circle No. 61 on reply card 
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Our representatives t ’ ut the 


Thomas A. Edison Inc.’s "Sewies Gnclgened game aie 


PERSONAL es 
DEMONSTRATION 


shows how you can 


INCREASE 
PLANT 
PRODUCTION 


— 


Takes Only a Few Minutes to Prove Simple 
Omniguard System Protects Bearings and Processes; 
Cuts Down Time; Increases Equipment Life 


Just take a few minutes to prove to yourself how The modular indica 


mounting bracket ind tf 


Omniguard can make it possible for you to operate perature detector 
your equipment at peak production rates without fear nage 

of breakdowns . . . how this simple temperature detec 

tion system gives you ample opportunity to prevent 
bearing failures or to keep process temperatures 
within limits. 

RECORDS REVEAL FAILURES COSTLY 
Many operators—after a record check—are aston- 
ished to find how much bearing breakdowns have been 
costing them in maintenance and lost production 
‘ They see that the cost is often many times the expense 
of installing Omniguard 
COMPLETE 4-POINT SYSTEM FOR LESS THAN $500 

Consider the thousands of dollars involved in equip- 
ment and production output. Contrast this with the 
fact that one Omniguard unit costs less than $500 A Parties Gist oF Present Coors 








And because of its simplicity, installation costs are 
also low. 

SIMPLE, DEPENDABLE 
Omniguard has no electronic or moving parts. It is the 
most dependable system available today. Modular in 
design, each unit gives you four-point detection. You 
can add as many as you need as you need them 


To get your free demonstration, just fill out the coupon below 


c 


A GREAT NAME CONT ae EMENTS Name 


Thomas A. Ed 


INCORPORATE DO 


Firm 


ison Address 


Position 
ENSTRUMENT DIVISION * am Lake © AVENUE * we ORAN “ 











Automatically count 
and control to 
1,000,000 events 


OO, 47 


A KiMsiff 


ELECTRONIC PRESET CONTROLLER 


The CMC Model 310 Series Preset Con- 
trollers are designed as high speed direct 
reading electronic counters of the coinci- 
dent type which will control any operation 
or activate an alarm after a preselected total 


count has been reached. 


*A few of the many applications are 
batching and packaging of pills, bot- 
tles, bottle caps, canned goods, pen 
points, machine parts, electronic com- 


SPECIFICATIONS 
a12A 314A 
2 4 


10,000 


Decades 
Count Capacity 100 


Counts per Second [0 te 100,000 Tas letelisiog counter) 


as prese! counter) 


50,000 counts per second 
5 volts rms: 10-100,000 cps 

Input ).07 volts rma: 1-10 cps 

Sensitivity 


Recycling Rote 


Oy messha, 30 mal 


Inpul Impedance 
. . Absolute 


Accuracy 


uviput 50 voll poslilve pulse, 1O microseconds duration 


negative pulse optional) 


Ovipui Welay S amps, |17 volis, non-inductive load 


Centacts 
in be switched out 


¢ 
Relay Hold Time Automatic: Continuously variable trom 0.1 to 1 second 


Manyval: Lock yntil release 
Availiary Power 6.3 volts ac Gi F amps; 
50 ma, 
Power Wequiremenis|! 17 volts TOY, 50-80 cycles 
Dimensions 13" Ws 6%" Hx 13 
Net Weight 70 to 78 Ths. depending on model 
Finish Panel, Uaght arey baked enamel 
Case, Dork grey boked ename! 





Data Subject te Change Without Notice 


Positive Pulse Rise Time: '/) volt or more per sec 


Normally open or normally closed (with indicator 


775 volis de regulated @ 
150 volts de regulated | 5 ma 


100-150 watts depending on model : 
a | 16,"% 87% 13" | 


preselected 
quantities; controlling the exact length 
of stock in cutting operations; and 
control of high speed machinery. Any 
electric al, 


ponents, ete., in exact 


mechanical or optical events 
which can be converted into electrical im- 
pulses can be counted and controlled, De- 
vices to effect this conversion may be photo- 
cells, magnetic coils, switches, and suitable 
transducers for pressure, temperature, ve- 


locity, acceleration, displacement, etc, 


FEATURES 
316A 


6 
T0600 000 
COINCIDENT TYPE 


ABSOLUTE ACCURACY 
DIRECT SETTING 
DIRECT READ-OUT 

EXCEPTIONAL VERSATILITY 
HIGH SPEED 
lamps) RELIABLE 
RUGGED 
ECONOMICAL 
SMALL SIZE 








The direct reading Model LOLA Preset Decade Counting Unit 
is designed to provide an output pulse at a selected number. at rates 


in excess of 50,000 counts per second, They are capable of 
counting at a 100,000 eps rate if reset is not required. These units 
are readily connected in cascade in order to emit a pulse at 


any desired count, Typical applications are batching, sorting, 
packaging, automatic counting and control, frequency division, 
generation of precise delays, et« 


} 
i 


CONTROL 


Write for complete catalog and prices. 
Computer-Measurements Corporation 
5528 Vineland Avenue, North Hollywood, Calif. 

} 


ENGINEERING 


Model 101A $75.00 


Dept. 84-E 





NEW PRODUCTS 


BI-DIRECTIONAL COUNTER: 
Actuated at up to 60 cps, a new coun 
ter adds or subtracts pulse to 5 or 6 
digits, with some ictuating 
switches at preset numbers.—Nemeth 
Inc., 2223 S. Carmelina Ave., Los An 
gcles 64, Calif 


Circle No. G62 on reply card 


mode | 


IMPROVED DIODES: A new line 
of subminiature germanium diodes } 
said to have characteristics fat superior 
Som 
claimed, will handle a maximum of 
150 volts, and yet pass a minimum of 
400 ma at | volt, with reverse leak 
wes as low as 20 microamp max at 
minus 100 volts.—Radio Receptor 
Co., Inc., Brooklyn, N. ¥Y 


Circle No. 63 on reply card 


to older types types, it 1s 


ADD-SUBTRACT COUNTER: Di 
signed for panel mounting, a new 
electrically operated idd-subtract 
counter, Model 5-Y-8602-MF, accept 
up to 500 counts per min of 110 vac 
60 cvcle current.—Durant Mfg. Co., 
Milwaukee 1, Wis 


Circle No. 64 on reply card 








Now Available... 
FIRST HF TRANSISTORS 


now in production, meeting 


o—= SSN Army Signal Corps Standards 


fl 
R 


A wide variety of military 
equipment, once impossible to 
transistorize due to frequency 
limitations of available tran- 
sistors, is now being developed 
with Philco Surface Barriet 
Transistors. 


PHILCO SBT 


SURFACE BARRIER TRANSISTORS 


(Type 2N128 and 2N129) 
Meet MIL-T-12679A Military requirements 


Check These Features Now available for large volume military and industrial applications the high 


@ High frequency performance frequency Philco Surface Barrier Transistors that were developed for the Army Signal 


* ‘s , . vy y > » on . 4 alee 2 7 
© Extreme reliability Corps to meet the stringent requirements of field use in military electronics equip 


A R nt. ‘ 2 eC , C » . 4 j y » p S ace 4 5 
@ Uailermity of charadesieties ment. Advanced precision techniques used in fabricating the Philco Surface Barrier 


P ° Tr i ake ( 3 y { = é é i é é 4 { ‘ -S ‘ 
@ Rigid quality control Transistors make possible rigidly controlled automatic manufacture with its resultant 


@ Minimom battery drale uniformity, reliability and high volume production. These reliable transistors point 


ay t& . n transistorization. Make these reliable hig ‘quency Phil 
@low techage conente the way to new fields i storization. M hese reliable high frequency Philco 


. Surface Barrier Transistors part of your forward looking plans 
@ Low operating voltage , 


®@ Absolute hermetic seal F ' hni inf , 
@ Meet MIL-T-12679A Military or complete technical information on these High Frequency transistors write 


requirements Dept. CE-3, LANSDALE TUBE CO., Lansdale, Pa. A DIVISION OF PHILCO Corp, 





PHILCO CORPORATION 


LANSDALE TUBE COMPANY DIVISION 
LANSDALE, PENNSYLVANIA 


CONTINUOUS SUPPORT AND | 
NEW PRODUCTS 
PROTECTION FOR . 
INSTRUMENT TUBING 


PULSE TRANSFORMER: Type 
PT-100 has four windings and plug 
into a miniature Noval socket. Each 
winding has 100 turns with resistance 

ranging from 34 to 5 ohms per wind 
ing.—Berkshire Laboratori 26 Bank 
\ illage, Greenville, N. H 


Circle No. 6§ on reply card 


i ae 


Tubing may readily be run to individual instruments or panels as needed. 


Delicate instruments quickly become useless without adequate tubing support. 
instrof provides a flexible, simple-to-install system for maximum efficiency and 
dependability at minimum cost. Famous Pin-Type Coupling available for wide 
range of standard fittings and runs. PULSE GENERATOR: Production 


of 4-sine waves varying in duration 
Instrof is a system of Prefabricated Expanded Metal Trough specifically designed from 0.03 to 0.07 microsec in fre 


for rigid, continuous support and protection of instrument tubing. All parts are quencies ranging from 1.6 to 10.4 is 
hot-dip galvanized for long life. Widths of 3°’, 6’’, 9’’, 12’’, 18'’, and 24”, coe business zs a = high - qn ncy 

‘ ' ’ . . uise g ator, i oug ( . 
lengths of 8’, 10’, and 12’, and a complete line of fittings allow the Instrof » page ree rp 


he de of " ' 1209 Vine St., Philadelphia 7, Pa. 
system to meet the demands of virtually an ant layout. 

y y any p Y Circle No. GG on reply card 
Exclusive Pin-Type Coupling speeds installation and reduces labor costs. Just 


two coupler pins and a bottom plate are needed to complete a connection. PULSE DELAY: Delavs from 0.1 


microsec to 999.9 microsec precede 

the triggered pulse from a new de 

a layed pulse generator.—Orbitran Co 
P. O. Box 635, Lakeside, Calif. 


Circle No. 67 on reply card 





Drop-out is one of many standard 
fittings that keep an Instrof system 
flexible, yet simple to install. Ex- 
pansion is a simple matter with an 
Instrof system as additional tubing 
may be laid in existing trough. 








: 
INSTROF corp. os 


DIVISION T. J. COPE, INC. : 


COLLEGEVILLE 20, PENNSYLVANIA Straight Reducer 





RATEMETER FOR CONTROL: 
Model 2850 ratemeter is slated for 
industrial applications requiring de- 
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tection of radioactivity in control set 
up It provides an output voltage 
proportional to count, as well as loud 
speaker and meter indication of input 
Integration times range from 2 to 50 
sec, with inputs up to 100,000 pulses 
per min Berkeley Div. of Beckman 
Instruments, Inc., 2200 Wright Ave., 
Richmond Calif. 


Circle No. 68 on reply card 











MAGNETIC CORES: A new line of 
tandard magnetic cor memory 
planes have the following frame sizes 
10 by 10, 16 bv 16, 32 by 32, and 
64 by 64 core They have the con 
entional X, Y, Z and sensing wind- 
ings through each core.—General Cer 


amics Corp., Keasbury, N. J 
Circle No. 69 on reply card 


COUNTS DOZENS: A new coun- 
ter's reading indicates dozens instead 
of units. ‘The last two digits of the 
counter indicate the count in the 
dozen being totalized. It’s electrically 
operated but has manual reset.—Pro 
duction Instrument Co., 704-20 W 
Jackson Blvd., Chicago 6, III 


Circle No. 7Q on reply card 


KEYBOARDING MAGNETIC 
TAPE: Keyboard preparation of mag 
netic tape for computer inputs is han 
dled by the Codescriber. Automatic 
function buttons call up repetitive 
data and sub-routine notations.—Logis 
tics Research, Inc., Redondo Beach, 
Calif 


Circle No. 72. on reply card 


EAGLE 


Timers and Counters 
VITAL COMPONENTS IN MODERN AUTOMATION 


— 


MULTIFLEX RESET TIMER 


MULTIPULSE REPEAT 
CYCLE TIMER 


CYCL-FLEX RESET TIMER 


FLEXOPULSE REPEAT 
CYCLE TIMER 


MICROFLEX RESET COUNTER 


Represented above are but a few of the complete line of popular EAGLE 


Industrial Timers and Counters. 


Models are available in a wide range of modifications to fit your particular 
application. Modern compact design and precise construction of these EAGLE 
components has won them an enviable coast-to-coast reputation for accuracy 
and long service-free life of operation. Write us about your needs. 


MAIL COUPON TODAY! 


EAGLE SIGNAL CORPORATION 
industrial Division, Dept. CE-556 
MOLINE, ILLINOIS 


Please send free Automation Bucklet “See What 
Timing Can Do For You,” 


NAME ANDO TITLE 
COMPANY 


AoorEess 


civy 





RdF STIKON © 


RESISTANCE THERMOMETER ELEMENTS 


For Quick, Low-Cost 


SURFACE TEMPERATURE 
MEASUREMENT and CONTROL 


RdF Stikonsbond easily to practically ANY surface ANYWHERE 


- 


Cylindrical Surfaces in the Hard-To-Reach Flat Sur- Rounded Surfaces on En- 
eed, Chemical, and Pe- faces Inside Ducts and ine Cowls in the Aircraft 
troleum Processing Indus- Heat Exchangers in the ndustry with minimum 
tries, utilizing existing in- Aircraft, Automotive, and obstruction to airflow. 
stallations. Chemical Industries with- 
out affecting the flow of 
the fluids. 


Used for reasearch and manufacture in all fields of temperature measure- 
ment and control, an RdF Stikon consists of a temperature-sensitive grid 
of very fine nickel wire bonded into a paper-thin wafer of flexible, insulat- 
ing material. Bonded by cement to almost any surface anywhere, an 
RdF Stikon is unaffected by shock or vibration. Its response to temperature 
change is extremely fast and amazingly accurate. The thinness of the 
RdF Stikon (.005” to .010”) opens up applications difficult or impossible 
with other thermal-sensing elements. 

In addition to the standard RdF Stikons tabulated below, special resistance- 
thermometer elements are tailored to specific customer needs. 


‘Resist ance at Temperature Wafer ” Size 
70°F (ohms) Range F* Material (Inches) 
81.7 —100° to +-300° Bokelite Vx 1% x .005 
50. —~100° to +-300° Bakelite Kex % x .006 
200. —100° to 4+-300° Bokelite “x % x .006 
50. —100° to +-180° Paper Kx % x .006 
200. —100° to +-180° Poper Mex % x .006 
100. — 100° to +-500° Silicon-Glass | %4 x 1% x .010 


Send for our FREE Temperature 
Measurement and Control Brochure 


Today. 
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| NEW PRODUCTS 


SILICON DIODES: Eight new diod 
are on the market with voltage ratings 
from 15 to 225. Their designation 
end with the letter A, but otherwi 
they are similar to 

keted models with lowe 
ings.—Raytheon Mfg. Ci 

St., Newton 58, Ma 


Circle No. 72 on reply card 


CONTROL VALVES 


SERVO VALVE: A new torque mo 
tor with 20-ma maximum differential 
current handles 0-to-1,500-psi hy 
draulic or pneumatic loads for a maxi 
mum delivery of 150 cu in. per min 
max. Coil resistance is 1,570 ohm 
plus or minus 5 per cent. Flystere 1s 
is 3 per cent max, and leakag 

cu in, of hvdraulic fluid per min at 
1,500 psi. ‘The maker calls it a meter 
ing valve, but its servo applications 
are obvious.—N. W. L. Co 220 
Palmer Ave., Kalamazoo, Mich 


Circle No. 73 on reply card 


LIN. STAINLESS-STEEL VALVE: 
\ new valve is solenoid-operated at 
pressures to 3,000 psi. ‘Thi tand rd 
model is normally closed but can be 
modified to be normally open tor pr 
sures up to 300 psi Atkomatic Valve 
+ Inc., 545 W Abbott St In 
dianapohs, Ind 


Circle No. 74 on reply card 





ADVERTISER 


For More 
Information 
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(121) TIME DELAY 
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(122) SPEED ‘TRANSMIS 
Inc, Catalog 20MO156 
the Zero-Max “infinitely 
reducer which can go t 
by withholding lateral n 
connecting linkages Outy 
starts at zero and goes uy 
factory input speed of 2,01 
(123) O-RING SIZES. Rubber: 
Div. of The Parker Appliance Co 
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reference charts of size 
mensions for 296 Parker O 

Postage Rsieen Seal ing applic a. slants 
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about an ac plug-in inst 
put can be used as a stand 
of 0.01 per cent applic to t 
not to the full range 
that increase this rang« 1, tor 
27) WIRE-WOUND RESISTORS. In 
ternational Resistance Co. Bulletin C-la 
12 pp. Two types, tubular and flat, ar 
examined from the viewpo of ratings 
5-225 watts), resistance | hms-0.4¢ 
trol panel, and fractional horsepower d (116) THREE-D CAMS. The Parker megohms), and const 
orrecting motor Stamp Works, Inc. Bulletin, 4 pp. This ilation, windings, and 
112) PUNCH-PRESS POSITIONING reprint from a 1952 issue of American Ma 128 OXYGEN RECt 
General Electric Co. Bulletin GET-2509, chinist traces the design and constru Hays Corp. Bullet 
pp. Tells how an 80-ton rotary turret of a control cam serving as the “nerve Describes an instr 
press that punches a 6-in. hole in 4-in enter’ of an air-borne co 
manganese steel] was made automati personic speeds ol ts 
Controlled: two linear motions, a rotary 117) READ-RECORD HI ibre for plu it 
turret, and the machine cyck cope, In Bulletin, 4 py escribes guaranteed not to dip | 
1] COMPUTER TUBES. General ipsulated heads with low | rd curre 129) NYLON TUBE FTI 
Co, Booklet ETD-1140-P, 50 py ind high read-back voltage for pe Manufacturing. B 
ies GI computer-tube program eter/flat drums and general purpose drums du Pont product ca 
ives full technical data on the five tubes all with sintered ferrite c with low angles as temperature 
1 the line, and reviews special design capacitance and low resistance windings plus 295 deg I 
considerations and ap lications 118) SORENSON STANDARDS. Sor Impervious 
114) FLOW IMPEDANCE VALUES enson & Co., Inc. Condensed catalog, 4 I 
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ies), ©¢ if 
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tatham Laboratories, Inc. “Instrument pp. These specifications for power suy under normal use 
sotes’, January 1956, Develops equations plies, voltage regulators, voltage reference 13 SILICON 
ind graphs for determining flow resistance sources, frequency changers, and other in tron Electronic ¢ 


] ; 
ilues and effective mass of flow of vis struments cover regulation accuracy, input Six of these units t 


ous fluids in circular tubes and between output voltages ripple, recovery time, et 10 oz and put out 
parallel plates (119) SILICON POWER RECTIFIERS the literature. They’ 
115) EXPANSION JOINTS. Magnilastic Sarkes Tarzian, Inc. Gives data on recti forward current at 
Div. of Cook Electric Co. Catalog 53 fiers rated from 500 milliamps at volts 131) GEARMOTOR 
+ pp. Two good tables here are Rating & to 3 amps at 1,000 volts, and allowing cell & Engineering Co. B 
Selection and Steam & Expansion, These temperatures as high as 150 deg ¢ Efh l'reats varieties of 
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ing units of copper, stainless steel, carbon leakage current noted points as: types (six 
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It’s in the Bag! 


Fresh, Clean Ink for a Year 
of Trouble-free Recording 


%& You won't have any messy, time-consuming re-inking of pens on 
the new Bailey Recorders. The entire system is white-glove clean 
hermetically sealed, non-evaporating, non-corrosive. Gone is any 
chance of sludge or oxide formation. Gone are clogged pens, inter- 
rupted records, unsightly splashes. 

The transparent plastic ink sacs are changed once a year —that’s all. 
Capillary tubing carries fresh, clean ink to the pens continuously 
without any day-to-day attention. 

This exclusive new inking system* is only one of the many time- 
saving, money-saving distinctive features of the new Bailey Recorder. 


Ask for Product Specification 12-5. 





ONLY BAILEY OFFERS ALL THESE 
ADVANTAGES IN A SINGLE RECORDER 


Pre-calibrated plug-in receiver units 

Up to four pneumatic or electronic receivers . 

—or two receivers and two integrators — 

Any four variables on one chart—easily Coutrols for 


read and interpreted 1079 IVANHOE ROAD 


KA . 


A full year's ink supply at one loading 
Faster ordering—from stock 
Minimum inventory of parts 


Minimum instrument investment for process 
cycle expansion or alteration 
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GAGE SAVER: A compact little air 
craft-sized valve for protecting In tru 
ments in hydraulic or pneumatic line 

shuts off flow at pressures from 50 to 
to 5,000 psi, tolerating a maximum of 
10,000 psi.—The | isher Controls Co 

1222 Seventh St., Santa Monica 
Calif 


70 GET THERMOCOUPLES 
INTO OIFFICULT SPOTS... 
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Usé Canameo H/-TEMP WIRE 
(T BENDS TO ANY SHAPE. 





T-E’s new “Ceramo” wire handles the jobs too 
tough for ordinary thermocouple wires.'‘Ceramo’s” 
construction — thermocouple-material conductors 
and ceramic or inert metal oxide insulation 
encased in seamless metal sheathing —results in 
a thermocouple that, for a given application, 
will last longer and respond faster than con- 
ventional types. “Ceramo's” extra small diam- 
eters and unusual flexibility permit access 

to hard-to-get-at spots. You can bend 

it on a radius as small as its own 
diameter — with no short-circuiting or 

grounding. And “Ceramo” can be 

used bare where protection tubes 

would often be needed — will 

withstand pressures up to 

40,000 psi! It also has 

excellent resistance to 

high temperature, 


moisture, chemicals, : De’ 

petroleum products, ee ; 

atomic radiation, x Fs - 
and abrasion. i . 


“Ceramo” Thermocouple Wires made in |ron-Constantan, Copper- ‘ 


Constantan, Chromel-Alumel, Chromel-Constantan and Platinum 
Rhodium-Platinum from 36 to 16 gage. Sheathing: Stainless Steels, — f 
Inconel, aluminum or co .O ll diameters: 1/25" to 4". fe) ‘ 

nel, aluminum or copper. Overall diameters: 1/ oN 
“Ceramo" Thermocouple Extension Wires made in lron- 


Constantan, Chromel-Alumel or Copper-Constantan of 20 and 16 
gage. Sheathing: copper-nickel alloy, plain or galvanized cold- DC TIMING MOTORS: A standard 
drawn steel. Overail diameter: Ye" and 4". ' 
escapement allows a de motor power! 
Learn more about this versatile wire. to travel through a specified distance 
Write for bulletin 31-300-B In a spec ified time, thereby attaining 


overall timing accuracy to within 0.1 


TTR LEREREEERESEEEREREREARERRRARABRARABRBRARAARAARADARSSS) 
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BLAST VALVE: Seen here is a 
rugged little valve designed to delives 
| blast of air for clearing clips, dust, 
ind shavings from machine tool: 
when its lever is tripped.—W. I. Mar 
tin & Co., 224 S. Michigan Ave 

( hicago +, 11] 
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per cent, regardless of load variation 


Thermo Electric 0. Me or line variations of 20 per cent. The 


little instruments weigh on! > OZ 
SADDLE BROOK, NEW JERSEY 


ind are offered with a variety of gear 


In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ontario boxes.~The A. W. Haydon Co., Wa 
terbury, Conn 
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Rr +t) = R(t) +R (tT + R(t) + ee 


a, Ww 


* 2 (8) + 
= 


The vector equation above is basic to the develop 
ment of armament controls for high-speed aircraft 
\ solution to this equation determines predicted 
target positions. Allied with this solution is the 
problem of optimum filtering of input data t 
assure the best overall system performan e 

For 10 years, engineers at AUTONETICS, a Divi 
sion of North American Aviation, Inc., have been 
dealing with fire control target prediction prob 
lems, and have developed unique and practical 
approat hes to their solution. The AUTONETICS 
designed and built MG-4 Fire Control Systen 
installed in the NATO countries’ F-86K Sapre Jets 


represents hardware in actual use 


Ste) Pie 4 dr 


you will be inter 


As a professional ted to know 


that AUTONETICS has complet Pacilityve for the 
research design. de velopment flight test and 


manufacture of integrated fire control weapon 
svyatems as well as sutopilots inertial guidances 
systems compute rs and speci il produ 

detailed information or employ me 


AUTONETICS Department CON-N2 


wood Boulevard. Downe Calitor 


Autonetics Ay 





WHAT’S NEW ABSTRACTS 


Phototransistor Properties 


From Junction Phototransistor 
by J. N. Shive and P. Zuk, Bell Tel 
phone Laboratori 
Bell Laboratories Re 
ber 1955 


Phe IN85 


cribed | 


m article in 
ord Decem 


nominally 
ve cevic Because 
luncle 1 pen junction, ho if 
be used alternativel 
FCT itor It ictive 
imply or 
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I in 
i 1 photovoltai 
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tact to thre end ] 
fio 


th 


brication of 
cribed 
Ih INSS phototi insist 
ent voltage haract 
higure 2 Note that 
oltages in the range 
the response is practical] 


that equal increment 


result in equal incremen 

urrent Vhis linearity 
if one is considering, for 
high hidelity I 

FIG. | nal 

MODERN Other interesting | 
In operation, a voltage bias is im INS | 
ELECTRONIC po cd between the rminal vith ia 
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positive With thi polarity, the 
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; ippear, a short 
tion become mpl 1 reverse-biase 


flow for cach |e 
diode with very high impedan to Phi urrent 
PRECISE current flow in the dark. When light 
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ion impedan is reduced at in in direction. Obs 
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ipproximate! 
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} 
INTEGRATOR 


"™ figs — 


3910 


high 
precision 


BALL 2 DISC INTEGRATOR 


The Reflectone Integrator is a high precision, low torque speed 4 00 
changer for generating variable reversible speeds in a smooth 90 
and stepless fashion. It is useful in a wide variety of applica- 


tions which require precise speed control with highest accuracy 
and reproducibility. 


Mode! 219 with standard control red 


A BP P L I Cc A T i °o N s 
INERTIAL AIR NAVIGATION SYSTEMS * FLOW TOTALIZERS 
PRECISION SPEED CONTROL * PLANIMETERS * TACHOMETERS 
CONTROL ROD CONTINUOUS WEIGHING DEVICES * STRAIN ANALYSIS 
VARIATIONS INFRA-RED SPECTROPHOTOMETERS * PROCESS CONTROLS 
CONSTRUCTION The Integrator housing is die cast of bleck 
anodized aluminum alloy. An input shaft, a double ended out- 
put shaft, and a slideable control rod project from the housing 
Internally, the input shaft axially supports a precision lapped 
disc, and the output shaft a polished roller. Two hardened steel 
balls are held between the disc face and the roller surface by a 
tubular cage fastened to the control rod. The input shaft and 
disc assembly is spring loaded against the bails and roller. The 
control rod moves the balls across a diameter of the disc. 


VERNIER 


OPERATION 


The rotation of the input shaft 
and disc drives the balle by fric 
tior yd these int 1 drive the 


SPEED Input can be any value from 0 to 750 rpm. Output will roller and ovtput shaft. Since 
ra . the balls merely act as idler 

be controllable up to over twice the input. oad tn sole Gee to ok 

forn the rodivus at which the 


TORQUE Input (no load) requires 5 ounce-inches maximum. balls are located on the disc de 
Output provides 4 ounce-inches maximum. termines the actual speed ratio 


between the output and input 
. This ear relationship, which 
LUBRICATION Not required. con be expressed os 
INPUT 3/8" DIAMETER (fT MOUNTING HOLES output 
TAPPED ential ad poston x multiplier 
mm 8.32 nou! 
1/4” O8EP permits the unit to be used in 
TAPPED MOUNTING SHANK 1/4” FROM PANEL ao wide variety of instruments 
13/16" DIAMETER 11/16 « 1-5/8 uch as variable speed drives 
' rator multipliers, and 
wee LJ 
ary . y PANEL LINE ‘ 


MOUNTING HOLES 
1.17/32 = 2.13/32 ON CENTERS 
; 


CONTROL 
3/16" DIA 
— —s ti 
~— 

All dimensions are nominal, Engi 
neering drawings will be sent on OuTPuT L 
request. Weight of unit—16 ounces. 1/4" DIA TE 


Two standard housings available; Universal (Model 219) and 
Panel (Model 244). Special control rods can be designed to cus- 
tomer specifications; location of control rod can be specified. 


WRITE FOR COMPLETE DETAILS, OR SEND BRIEF OUT- 
LINE OF YOUR APPLICATIONS OR REQUIREMENTS, 





—$$_ 


se |. ~~ 
THE REFLECTONE corPorATION( POE FPLEC TONE )st4mroro - connecticut 
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Engineered for 


tomorrow’s needs...today... 


NORDEN-KETAY OFFERS YOU DIRECT 
ANALOG-TO-DIGITAL CONVERSION 
WITHOUT TRANSFORMATION 


Combining accuracy with compact design, 
Norden-Ketay’s ADC-1A family of Analog-To-Digital 
Converters provides you with unambiguous natural 
binary output. All digits are available nearly 
simultaneously ...allowing a high reading rate and may 
be read while the shaft is in motion. Both the binary 
number and its complement are available. simultaneously 
RAPID READOUT—up to 10° per second 

PARALLEL READOUT—greatly simplifies external circuitry. 
COMPACT DESIGN—engineered for minimum size and weight. 
inpuT—DC or pulse voltages. 

Low TorQUE—less than 0.2 inch ounces to turn input shaft 
LOW INERTIA—approximately 9 gram centimeters’ 
CLOCKWISE OR COUNTER CLOCKWISE OPERATION—either is possible 
by selection of appropriate output leads 

AVAILABLE IN ANY CAPACITY TO 19 DIGITS—other capacities 
available on special order. 


For full details write for File #085. 


NORDEN-KETAY (CORPORATION 


INSTRUMENT AND Systems Division 
Wiley Street, Milford, Conn 


INDICATING PRECISION PRESSURE GAGES + EMOTE INDICATING DEVICES + ANALOG DIGITAL CONVERTERS 
PRESEURE TRANSDUCERS + ELECTROMECHARICAL CONTROL SYSTEMS + AIRBORNE BADAR + SHIFBOARD LINE CONTROL EQUIPHERT 


AIMCRAPT FUEL FLOW INSTRUMENTATION «© ACCELEROMETERS 
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ABSTRACTS 


open-circuit voltage of the device 
when used as a photovoltaic cell. The 
highest voltage that can thus be dé 
veloped is around half a volt per cell 
for germanium. The Bell solar battery, 
which employs silicon, has a som 
what higher open-circuit photovoltag: 
As for all photoelectric devices, the 
response of the INSS dé pends upon 
the wave length of the light to which 
it 1 exposed Figure } shows that the 
IN85 encompasses the entire range of 
the human eye as well as most of the 
range of radiation from a high-tem 
perature projection lamp 
[he output response of the INS5 
depend not only on the in ty and 
wave length of the input light, but 
also on where the light incident 
upon the germanium bar with relation 
to the junction. If a small spot of 
light is focused on the surf of the 
bar and is moved from one end of the 
bar to the other, the output current 
vill vary with the position of the light 
pot, as shown in Figure 4 lhe r 
ponse | high« t when the light 
incident exactly on the junction 
falls off as the light spot noved 
iway from the junction in either dir 
hion 








[hie specd of the rm pon 

INSS depends imilarly on 1OW 

iway from the junction the light i 
illowed to fall. If the light is incident 
exactly on the junction line and n 
where else, the speed of the respons¢ 
hould be more rapid than the best 
measuring technique can resolve. Fo 
light falling farther away from the 
junction, the response is more slug 


gish. In high-speed switching applica 
tions or high-frequency signal trans 
mission applications, it is therefor 
necessary to mask the window surface 
of the photocell so that light can fall 


only in a restricted region at, and very 





near, the junction. In actual tests per 

formed to determine practical masking H , 

lit widths, it is found that response eres your 
times of about 4 microsec can be . 

ichieved with a masking slit 0.007 in \ answer... 
wide, centered over the junction line 

The physics of these spatial-respons¢ 

ind time-response effects ar described 


ill the irt | 


On Air Components 


From ‘Points to Consider in Select- 

ing Hydraulic System Components 

by W. 1 Stephens, Cleveland Hy 

draulics Co Machine Design 

Feb. 23, 1956 

As the title of this eiglit page art I 
indicates, the author has considered 











” 


the salient points in electing such 
hydraulic component is cylinders, 
motors, pumps, valves, connecting 
lines, reservoirs, and accumulator 
Succinct descriptions of each compo 
nent are given without goimg into 
mathematical analyses of the compo 
nents or the system. The discussion 
idequately handles the basic purpos« 
in the hydraulic system of each compo 
nent, and the ramifications of variou 
designs 

Ihus, the article covers the relative 
merits and applications of long-strok« 
and short-stroke cylinders, illustrate 
methods for using cables or chain 
and sheaves to multiply cylinde: 
stroke, and discusses such pumps a 


gear, vane (constant- and variable RAPID, PRECISE 


delivery), and piston (constant- and 


variable-delivery types. ‘Typical op TRIGONOMETRIC CGPERATIONS 
crating conditions, such as, pressu FOR AUTOMATION 


and speed, are discussed for each pump 
design 1 . 

There also are comments on and Norden-Ketay high-quality resolvers 
brief descriptions of the many valve provide you with accurate solutions to 
ivailable for hydraulic systems. In problems encountered in: 


cluded in this section are full-seric © High precision phase shifting 
multiple, series-parallel, parallel, relief © Data Transmission 


sequenct unloading, and solenoid . 
Fr os 5 ~ ¢ Industrial process controls 


Ihe author illustrates and discuss¢ : Rectangular to polar coordinate 
recommended designs for reservoi transformations 
ind accumulators, and points out pra * Rectangular coordinate rotations 


tical considerations for oil lines and These precision resolvers are available to 


standard sizes (10, 11, 15 or 23) or may be 
ordered to your specifications 


oil viscosity Iwo tables serve as u 
ful check lists in selecting cylinder 
motors, and pump: : : : : 

For full details write for data file # U5. 


NORDEN-KETAY (CORPORATION 


WESTERN DIVISION 
12210 Crenshaw Bivd., Gardena, California 
of the Raleigh Research Reactor PRECISION COMPONENTS DIVISION 
by Harold A. Lamonds, North 655 Broadway, New York 12, New York 
Carolina State College Nucl 
onics”, March 1956 


Controlling a Reactor 


From “Automatic Period Control 


SiacHeos PESOLVERS Stevo ComPontnts a1eCeart imetTeuMEtaTsS Stevo worces Oreitat Comroetere 
Prior to the installation of the € lec PERMARERT BAGHET GERERATORS © FERBARER! BAGHET INVERTERS - STATIC VOLTAGE #EGULSTORE - FREQUENCY THIF 
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new flow switch ABSTRACTS 
automatically protects 
equipment when fluid tronic period-control cn uit on the be fed into the servo 


reactor at Raleigh, the power level period is immhnite ft 
flow goes below was changed by switching the powc! level operation, it is not 
safe minimum... 


level control system from automati use a proportional signal 


to manual. ‘Then the operator manu period signal, on the othe 


SHUR-FLO ally positioned the control rod to ides the needed qualiti 


issure a safe period during the changé unph with the existing lk 
over to the desired power level. Thi That is, the signal is ze 


interlock by MAGS lual control of the reactor, using both tate Ope ration and in 
—_— 


manual rod positioning for period reasing period 


| 
control and automatic power-| el con kigure | details the 


trol, had two drawback either the uit used to obtain the inver 
transition time was too long or the ignal. The circuit itain 
rod overshot for a time—perhaps to a ing arrangement that allo 
near-dangerous condition crator to pres¢ lect on 

Adding an automat period con riod Repre entative m 
trol to the already-present automat th reactor transient 
power-level control results in a com idden change in power-| 
pletely automatic reactor control 51 cen by comparing Fig 
tem that allows fast, but safe, transi the automatic penod 
fion to a new powel level itive and InOpcl itive 

Ihe period controller contains an \pparently this new 
R-C difterentiating circuit whose out erves its purpose well, f 
put 1 ummed with the level-error makes this final comme 
ignal in the rod ervo-controller plicity and speed with 


new water flow rate To achieve a change in 


powcr level level changes can be ma 


control delivers set automatically at a constant period, a plete safety further reduce 


signal proportional to the period oO! fol dependence on huma 


volume regardless of to some simple function of it must for safe operation of thi 


inlet pressures. . . 


MESURFLO From Log-N 


amplifier 


.. 30 see 
\ 
\i~ Per od 
\ — 


2U $@¢ 
=—@ 
13 sec 


4 
amplifier 











“Mesurflo” is available as an 
integral part of an infinite variety 
of electrically operated valves. 
The "Shur-Flo” interlock may be 
combined with other Hays control 
devices. Six technical folders 
(including diagrams) are avail- 
able. What's your flow control 
problem? 


AVS ae 


HAYS MFG.CO. 


801 West 12th Street 
ERIE, PENNSYLVANIA 

















Specialists in electrically oper- 
ated valves, flow controls, and | 
protective devices. Time (sec) 
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electronic “‘brains”’ for industrial control 


Do you need to measure and control weight, 
pressure, tension, torque or thrust? You 
can do it best with a Baldwin electronic 
SR-4° system—the system that’s instantane- 
ously responsive, highly accurate, always 
reliable and maintenance-free. 
Easy-to-install Baldwin strain gage type 
transducers are the load-sensing elements. 
They transmit signals to Baldwin indi- 
cators, recorders, controllers, or other 


appropriate instrumentation i.e., load 
cell output can also be fed toa digital print- 
er or computer. 

Closed-loop SR-4 systems are engineered 
to meet your specific requirements. Find 
out now how these electronic “brains” can 
solve your control problems. For bulletin 
4300, write Dept. 2752, Electronics & In- 
strumentation Division, BLH Corporation, 
806 Massachusetts Ave., Cambridge, Mass. 


ELECTRONICS & INSTRUMENTATION DIVISION 
BALDWIN-LIMA-HAMILTON 


DIVISIONS: Austin - Western « Eddystone «+ Lima « Hamilton « 
Electronics & instrumentation « Loewy -Hydropress « Madsen « 
Peiton « Standard Steel Works 











Cut Your Gauging Costs | ABSTRACTS 


with the «+ 


ine” Fig. No. 2500 


‘i, . AUTOMATIC TANK GAUGE 


After two years of research, devel 
opment and testing at the plant 
and in the field in several types of 
service, the first “Varec” Figure No. 
2500 Automatic Tank Gauge was 
sold in February 1952. 

Since that time several improve 
ments have been made, Now there 
are over 4000 of these Gauges in all 
kinds of service throughout the 
world, 

This phenomenal volume resulted 
because the “Varec” Figure No. 
2500 first introduced the Neg’ator 
Motor to the Petroleum Industry. 
The Neg’ator Motor is a novel 
spring mechanism that is stressed 
sequentially by increments and 
NOT by winding, in contrast to the 
conventional spring. It is a self- 
winding spring and maintains con- 
stant tension throughout float travel. 
It eliminated calibrated tapes, 
counter-weights and slip joints, thus 
providing easy installation. 
Another revolutionary feature is 
the direct reading counter-dial, with 
large distinct numerals close to the 
look-box face, This unit is carefully 
sealed off from the vapors, grease 


View of the new Watson terminal of 
the Southern Pacific Pacific Pipe Line. 
“Varec” Fig. 2500 Series Gauges are 
used on the entire line from El Paso 
to Watson. 


and dirt that plague tape-reading 
gauges to assure a clean, accurate 
reading in feet, inches and eighths, 
or inches and tenths, or the metric 
system. 
All the parts incorporate materials 
and workmanship of the highest 
quality and are Socaned for long 
life, maximum service and minimum 
maintenance. Type 316 stainless 
steel ball bearings throughout. 
Housing is aluminum and all other 
parts are either aluminum or type 
316 stainless steel. No plastic parts 
to warp, deteriorate or collect static 
electricity. 
Provides for attachment of remote 
transmission systems or high-low 
control switches (either electric or 
pneumatic). Unnecessary to remove 
tape for punching, or to buy a new 
tape. Remoting equipment mounted 
outside Gauge Head without dis- 
mantling the Gauge Assembly. 

Serves all types of tanks up to 66 
feet in height and pressures to 300 
p.s.ig. 

For full information write the 
factory or contact your nearest 
“Varec” representative. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
Compton, California, U.S. A. 


Cable Address: 


Varec Compton California (U.S.A.) 
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Nonlinear Simulation 


From “Representation of Nonlinear 
Functions of Two Input Variables’ 
by D. A. Elliott, Curtiss-Wright 
Corp. ASME 56-IRD-11 


(his paper discusses in clear term 
the author's technique for producing 
nonlinear functions of two input vari 
ables with standard analog ¢ quipment 
Ihe method depends upon a regular 
progression among the lines in a family 
of curves to be simulated on the 
Most functions have such 
1 progression; this was the case in th 
problem solved by the author—simu 
lation of several types of ramjet and 


computer 


turbojet engines 

In general, this regular progression 
appears to be either a translation o1 
hifting of curves (Figure 1), or a 
rotation or fanning out of curves (Fig 
Che author deals in his paper 
with both types of three-dimensional 
plots and shows how to determine th 
shifting functions, set up the block 
diagram for the operation, and then 
convert this information to analog 
equipment interconnection that 
simulate the three-dimensional rela 
tionship. Here, briefly, is the way 
translated curves can be simulated by 
the technique 

Consider Figure | \ reference 
center of the 
family of curves so that all variable: 
have zero voltage at this poimt. “A 
transparent overlay having a_ singk 


ure 2) 


point is selected near the 


Fig, | 





Make your system COUNT! 
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MULTIPLE VIGROTRON GAGES 
MEASURING PRESSYVRE ~- TEMPERATURE ~ 


BJ DIGITAL SYSTEMS 


INDICATE, RECORD AND CONTROL pressure, temperature and flow with 
BJ Digital Systems. It’s as simple as 1-2-3. One, BJ Vibrotron Digital 
Gages at remote points use frequency changes to measure pressure, tem- 
perature or flow (P-T-F) and signal this information by direct wire or 
radio link. Two, these frequency signals are received and directly indi- 
cated in numbers on the BJ P-T-F Digital Computer without further 
translation. THREE, this information in numbers can then be fed to any 
desired recording device or used to initiate control] action and close the 
loop 
Only digital systems give you the direct simplicity of information in 
percentage by numbers from 000 to 999. Thus, all information has 
a common denominator. Variations in performance are counted and 
not compared. 
The heart of BJ digital systems is the BJ Vibrotron Gage which 
uses a vibrating wire under tension. Pressure, temperature and flow 
control the tension and frequency signal 
Other Byron Jackson digital system components include: a Zero 
Memory File which permits simple electronic calibration of all sensing 
gages in the system; and an Automatic Gage Selector which sequen- 
Y tially selects signals from any number of gages for measurement by the 
P-T-F Digital Computer 

Model 101 Vibrotron Investigate BJ digital equipment before you make a decision on 
your systems problem. BJ electronic engineers are ready to help you 
make your system count 





P= eee Byron Jackson 
rs "inske Sent Spe DIVISION OF BORG-WARNER CORPORATION 


492 Eust Union Street + Pasadena 1, California 
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THE MOSELEY 
plot your test data with.. ABSTRACTS 


- ¥ ae C Oo R D b R basic curve is plott | 


ive shifts it can b 
Curve oO! thr fal 
termine the hiftin 
reference point is m 
urve of the overla 
hifted to cach line 
curve the point to 
( point has m 
each line These point 
quired amount of vertical 
tal shift if t 
iuthor point mut th 
of horizontal shift may 
i variation of mput +s 
ment of v, to form 
the vertical shift f 
variation of 4 
increment of | 
Three versatile models feature ranges from 5 millivolts to 500 volts; urves, usually not 
200,000 ohms per volt input resistance; zero set and full scale zero only simple limites Mic circuit 
off-set; speeds up to 2 second full scale; accuracy of 0.25%. a their simulation 
ii igure 
Rugged and stable, all models provide facilities for curve drawing and 
curve following. Digital data may be plotted in point form from key- 


board, tape, or card sources, utilizing accessories described below. einen « 
MODEL |! MODEL 2 MODEL 3 
Drum type Flat-bed Desk Type 
8%" x 11” paper 11” x 16%" paper 8%” x 11” paper 
X-Y Recorder. X-Y Recorder X-Y Recorder- 
Curve Follower Curve Follower Curve Follower 
Point Plotter 


MOSELEY ACCESSORY PRODUCTS 


MODEL 40 KEYBOARD provides a con- 
venient means for plotting large amounts 
of tabular data in point-curve form. Self- 
contained voltage source together with full 
three column keyboard in both X and Y 
axes; unit plugs directly into MODEL 2 
AUTOGRAF. 


MODEL 20 DC VOLTMETER is a servo- 
actuated, fast, accurate and sensitive instru- 
ment. Has large, easy-to-read scale for 
general laboratory use where ranges from 
3 millivolts to 300 volts are desired. For 
data handling it is furnished with a built-in Figure 4 shows the b OC! ind ana 
Coleman digitizer and delivers digital out- log connections needed to obtain 
put for operation of printers, typewriters, ombined horizontal and ertical 
tape or card punches, etc. translation. It can be scen here that 


\ depends on the summation the 
basic nonlinear curve f 


hifting relationships f 
tre 


MODEL 30 CARD TRANSLATOR con- 
verts information from punched cards into 
point form for automatic plotting. Handles The author also 
up to 50 cards per minute, 10 to 200 counts three-dimensional curve 
per inch, Plugs directly into MODEL 2 re- to form the family of 
corder, controls both card reader and re the 


hifting function 
corder for completely automatic operation. 


tangents of the ul 

log simulation involve 

tion, rather than summat 
The author claims that 


Bulletins describing these BU MOSELEY CO. ie methad tp prob 
instruments are available and Sais ; lating ss : ‘lie 
we'll be glad to send them to you eS ame AMM.| J ve BCI CUEINCS NE Teac 
of about 4 per cent 
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POTTER 
Model 905 
Digital Magnetic 
Tape Handler 


@ 75 inches per second 

@ 3 msec starts and stops 
® automatic threading 

® fast rewind 


The Potter Model 905 Digital Magnetic Tape 
Handler combines many features not available on 
similar, more costly machines. A variety of dual 
speed combinations up to 75’/sec is available. Tape 
widths from ¥,” to 1%,” can be accommodated. 


Ease of operation is assured by simplified in-line 
threading, bi-directional high-speed rewind, 
automatic end-of-tape stopping and control of all 
machine functions by conveniently-grouped front 
panel push-buttons or remote contact closures 
and pulses. 


Designed for standard 19” rack mounting, the 
hinged front panel provides immediate access to 
mechanical parts and all plug-in electronic com- 
ponents. Transparent dust covers are available 
for protecting tape and mechanical parts without 
hindering visual observation of entire tape-track. 


The 905 represents the ultimate in digital tape 
handlers for high-speed computers, electronic 
business machines, industrial control and other 
digital data-handling applications. 


AUXILIARY EQUIPMENT 


A complete line of digital data-handling acces- 
sories is also available from Potter. 


Record-Playback Heads (Mode! 6400) are avail 
able in a wide variety of channel number and 
tape width combinations. All feature phosphor 
bronze construction that eliminates digit “drop 
outs” caused by oxide pickup and insures dimen 
sional stability. 


Record-Playback Amplifiers can be furnished as 
individual plug-in units (Models 52, 53) or in com- 
plete record-playback systems (Model 920) for 
return-to-zero or non-return-to-zero recording. 


Shift registers, high-speed printers and other preci- 
sjon-engineered data-handling components are 
also available separately or in integrated systems 
fer solving specific data-processing problems. 


POTTER ENGINEERS welcome an opportunity to study your data-handling problems 


and to recommend equipment for satisfying your needs. Write today 


) POTTER INSTRUMENT COMPANY, INC. 


115 Cutter Mill Road 


Great Neck, L.1., N. Y. 





Worlds Smallest’ 


Mercury Plunger-Type Relay 
EBERT'S NEW MINIRELAY 


Proven in Use For All Loads Up to 20 Amps 


Hermetically Millions of 
Fe Sealed Trouble-Free 
Explosion-Proof! Makes & 

No Sporks! i Breaks’ 


Forget it 


once it's Competitively 


Installed! - . 4 - : Low Priced 


35 Millisecond installs in 


Fast Action! one minute! 


. H « 1/4" We 

20 AMPS/115 V. AC © 10 AMPS/230 V. AC © 6.5 AMPS/ 

270 Vv. DOC * 3.5 AMPS/220 V. OC © 1.5 Hp./115, 230 or 
440 V. AC ® '/; Hp./120 and 220 V. DC 


Available normally open or normally closed, SPST 


FREE fact file-Write today 


EBERT ELECTRONICS CORP. 


212-15 Jamaica Ave., Queens Village 28, N. Y 


The 
“darkroom” \ 
you carry 


with you... ! 


Consolidated Type 23-109 
OSCILLOGRAM 
PROCESSOR 


Use it anywhere it needs neither water con 
nections nor darkroom automatically delivers 
a developed, dried oscillogram to you in mere 
minutes. The hundreds now in use are saving 


9 _ sey 
processing time are reducing that vital gap @ 250-ft. record capac ity 


between the test and data availability 


| 
You needn't have great numbers of oscillo | ®@ thermostatic control 


graph records to justify a CEC processor, Because 


| 
it will take the entire contents of an oscillograph ;@ ropid ... upto 15 fpm 


magazine, it’s equally valuable for test programs | 

consisting only of occasional, long-duration runs | 

Extremely simple, it can be operated even by in | Write for Bulletin 
| CEC 1537B-X7 


experienced personnel. 


Consolidated Electrodynamics Corporation 


formerly Consolidated Engineering Corporation 


ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 


300 North Sierra Madre Villa, Pasadena, California 


Sales and Service Offices Located in: Albuquerque, Atlanta, Boston, Buffalo, Chi 
Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington 
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| @ portable, automatic 


ABSTRACTS 


range and about two per cent at the 
limits of the range. 

The technique can be extended to 
functions of three input variables, but 
then the amount of equipment r 
quired and the ynplexity of the 


proble m increase 


Solution by Nomograph 


From ‘Rectangular Nomograph 
Four Sides to an Equation” by 
W. E. Powell, Ford Motor Co 
‘Product Engineering’ March 
1956. 


[his article show n detail the 
construction of rectangular nomo 
graphs for the solution of four-variabk 
equations of forms such as S Mece/I 
(blending stress), PV RI 
gases), 0 rL/E,] (an 
ct 

Rectangular nomog 
author says, “‘ar 
ilignment charts in 
is arranged along each 
i rectangle. Each s 
one variable of the eq 
dicular intersecting 
m a transparent 
overlay is placed ove 
When three of th 
legs are aligned with 
ilues, the fourth | 


positioned over a 


Kn 


plete 1 solution r ft 
Once the nomograph 
equation is solved quick] 
iccurately, thus allowin 
issistants to aid in the 
the equation. 
\s an exampk 
tructs the nomograph 


by following seven d 

Thes« teps ar 
> arrang equatiol 
form 
> draw rectangle and 
© determine scale direct 
> determine relative le: 
> find actual length of 
© construct scale ind 
P align scales 

Since these four-variable equation 
involve multiplication, division, and 
raising to a power, the nomograph 
uses logarithmic scale Hence, th 
uuthor includes a template for the 
construction of these scales over a 
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ten-to-one range of variable for any 
necessary distance on each side of the 
rectangle. ‘Thus, finding the relative 
scale length merely requires adapting 
a distance for each variable and multi 
plying the distance by the variable’s 
exponent. If the resulting scale dis 
tances are unsatisfactory for actual 
construction on the chart, then all 
relative scale lengths are multiplied 
by the same factor to obtain th 
actual scale lengths 

The figure reproduced here show 
the completed nomograph for compu 
tation of stress in round-wire helical 
springs. [his chart solves the rela 
tionship 


S = RPD 


Briefly Noted 


(He Macnetic Particte Ciurcr 
AND ITS APPLICATION TO SERVO 
MECHANISMS by W. P. Jones, Naval 
Research Laboratory. November 
1955. 24 pages. (Order PB 111782 
from OTS, U. S. Dept. of Com 
merce, Washington 25, price 75 
cents). 


In a unique application of clutch 
as the prime mover in a servomecha 
nism, it was found that the clutch 
shows advantages over a servomotor 
of comparable rating because the con 
trol power for a given output powe 
is relatively small compared with the 
power required in the control phas« 
of the servomotor. The torque is linear 
with control current, the torque-to 
inertia ratio is higher, and the time 
of response can be made shorter 
When low-inertia outputs are desired 
the clutch should have a thin-walled 
cylinder output with external coil 
structure 


PROVES SATISFACTION... 


THAT'S THE STORY BEHIND THESE 
CONOFLOW Series LB CONTROL VALVES 


Photo shows an original installation of Conoflow Series LB Control Valves that 
has been on a temperature control application for several years. There are 
now over 300 of these valves in operation at this large manufacturing plant. By 
the end of the year there will be approximately 600 LB valves throughout the 
plant. Out of respect for our customer's company policy we cannot publish the 
name. However, the volume of valves involved proves that Conoflow Series LB 
Control Valves are eminently satisfactory to this prominent user, 


The tandem operation shown is a typical application—cooling and heating 
utilizing split ranges. One valve handles cold water with a 3-9 psi range. The 


other handles steam with a 9-15 psi range. 


The revolutionary Cylinder Conomotor provides greater speed of response, 
tight shut-off and other performance characteristics superior to conventional 
valves. Downtime is practically nil compared with other valves. 


Catalog L.B-1 tells the complete 
story of the benefits in Conoflow 


— ‘ Series LB Control Valves 
FOREMOST 


IN FINAL CONTROL ELEMENTS 


Write jor your 
copy. Conoflow representatives 


are located in most principal cities. 


CCM 


CONOFLOW CORPORATION 


SUBSIDIARY OF WALWORTH COMPANY 
2100 ARCH STREET @ PHILADELPHIA 3, PA. 
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TEMPERATURE 
AND HUMIDITY 
CHAMBERS 


Meets MIL Specs for Temperature and 
Humidity cycles with full programming 
including MIL-E-5272-A 

“PF” Series — Front Opening 

Range: —100° F. to + 300° F. 

Humidity; 10% to 97 % 

Controllable above at 35° F. D. P 





ALTITUDE AND TEMPERATURE 
CABINETS 
Range: —125° F. to + 500° F. 
Altitude: Up to 125,000 ft. 


TEMPERATURE CABINETS 


Range: —150° F. to + 500° F. 


4, 8, 12, and 27 cv. ft. Standard Models Available — Immediate delivery 


White for File Golder 


SUBSIDIARY OF CRAMPTON MFG. CO. 





141 JEFFERSON ST., 
OF ENVIRONMENTAL 


Curtiss-Wright 
“SNAPPER” 


THERMAL ©); DELAY 
TIME RELAY 
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HOLLAND, MICH, 


EQUIPMENT INSTITUTE 


NEW CONCEPT... 
ADVANCED DESIGN 


Designed for high performance and 
long life, the Curtiss-Wright “SNAP- 
PER” Thermal Time Delay Relay 
is proving itself in countless appli 
cations involving time delay in elec- 
trical circuits. Such applications in- 
clude circuits to provide definite 
on-off time intervals to delay the 
application of high voltage until 
after warm-up period and for over 
and under voltage protection with 
simultaneous fault indication 

These relays have single-pole dou- 
ble-throw contact action, high am- 
bient temperature range, freedom 
from chatter and arcing, and are 
small in size. The “SNAPPER” 
thermal time delay relays are fac- 
tory pre-set from 3 to 120 seconds. 
They are available in metal en- 
velope, miniature (7 and 9 pin) or 
octal (8 pin) and in a glass envelope 
in 9 pin only. 

Curtiss-Wright manufactures the 
High-Low “SNAPPER” Differential 
Thermostat with high precision 
characteristics. Write to Thermal 
Devices for complete data. 


CURTISS-WRIGHT 


NEW BOOKS 


Electronics Demystified 


Ex,ecrronics, Waves AND MeEs- 
saces. John KR. Pierce, Director of 
Research, Electrical Communica- 
tions, Bell Telephone Laboratones, 
54 by 8 in., 318 pp. Published by 
Hanover House, Garden City, New 
York. $5.00. 


At long last, her 1 book about 
electronics that can be understood 
Its author, a highly respected scientist 
in the field of communications, re 
cently retired as editor of the Proceed 
ings of the Institute of Radio Engi 
ientist 


qualifies 


neers. His background, as a 


ind as a writer, eminent 


him to author a book such as thi 


Dr. Pierce has succeeded remarkably 
n unveiling the mysteries of el 
tronics to the layman 
inglish the physical fact 


ibout hi 


tating in plain 
ind theori 
subjects and for the most 
part avoiding the mathematical short 
hand of the engineer and 
he technically trained mat 
inazed to find, however 

fices none of the rigorous theoretical 
ind practical limitations of the art in 
o doing. He has painted a word 
picture of great faithfuln with a 


) 


larity and impli ity achievable onh 
by a trained writer who know hi 
ubject completely 

Though his main topic is communi 
ations, Dr. Pierce ranges widely into 
the related fields of physics and com 
munication theory, of relativity and 
to deepen the 


reader's understanding of the behavior 


quantum mechani 


of electrons and wave 
tions devices. In his introductory chap 
ter he reviews for the nonexpert read 

the little mathematics that he later 
makes use of in the text. and then goe 
on to Newtou’s laws of motion m 


plemented in the light of relativity in 


in Communica 


1 near-final chapter: electric field 
magnetic fields, and w 

Dr. Pierce spend entire chapter 
discussing what he “Maxwell’ 
wonderful equations”. These equa 


tions are fundamental to 


ind all of phvsi in describing the 
behavior of clectr ind magneti 
fields. They hold true even in th 
light of modern relativit ind wave 
ind quantum mechani As in all hn 
discussions, he ferrets out and displavs 
learly much of the meaning 
plication in this deceptively simple 
pair of mathematical statements. Even 
the electronics engineer will find that 
he learns much as Dr. Pierce explain 
first the behavoir of the complex 

tron and then that of the simpk 


electronic 


ind im- 





pacitor by applying Maxwell's equa 
tions. 

I'he book covers many other sub- 
jects, giving clear explanations that 
are completely up to the present 
state of the art. Some of these 
are: bandwidth, traveling-wave tubes, 
noise, radiation, picking-up television, 
microwaves, communication (or infor 
mation) theory, relativity, and quan 
tum mechanics. The last includes an 
extremely lucid view of the behavior 
of the transistor and other solid-state 
devices. 

lo quote Dr. Pierce, “The reaction 
to understanding finally achieved is 
sometimes “Oh, that is simple,’ with 
an implication that because it can be 
understood it can’t be very important 
or profound. Such an attitude dis 
regards the fact that brilliant men have 
failed for centuries to understand just 
such simple matters, and that only 
very brilliant men were finally able to 
make them clear and simple to us, the 
heirs to their insight.” Dr. Pierce suc 
eeds in making very difficult thing 


clear and simple indeed 


Higgins on Automation . 


PRINCIPLES OF Mass aANbd I'Low 
Propuction. Frank G. Woollard 
195 pp. Published for ‘Mechanical 
Handling” by Iliffe and Sons, Ltd., 
Dorset House, Stamford Street, Lon 
don, S.I¢., 1, England. 25 shillings 


This book provide in excellent 
British complement to John Diebold’ 
Automation: The Advent of the Auto 
matic Factory. But whereas Diebold 
wrote on business aspects of automa 
tion, Woollard delineates the engineer 
ing aspects, paying attention to how 
the technological developments actu 
ally can be effected by the engineer 
ind production man 

Starting with an interesting chapter 
on the “History of Flow Production 
the book traces the evolution of auto 
mation plac ing party ular empha is on 
its development in the British auto 
mobile industry vhere the author ha 
pent much of his profe ional life 

In ¢ hapt 2 Range of Applica 
tions’, the yuthor discusse certain 
upplementary broad issues, knowledge 
of which is pertinent to a true under 
standing of the subsequent detailed 
consideration of the principles under 
lying the flow-production system 
Thus, the usefulness of flow method 
in small-scale manufacture of very 
large-size units is stressed. The meth 
ods are illustrated by detailed account 
of the building of steel-compartmented 
passenger cars and machine tools in 
England, and production of heav 
vehicles in Sweden 

Chapter 3, “The Principles: A Gen 


PRECISION-BUILT 


MINIATURE FAN UNITS 


400 CYCLE 


\\ Variable 
\ Frequency 
| 


EAD’s ring-mounted fans are designed for quick, easy installation 
in avionic and electronic equipment. Designed for peak per 
formance, compactness, and versatility, these units utilize blade 
diameters as small as 2’ —with air delivery greater than many 
heavier blowers. These fan units, using motor sizes from 1” to 2 
in diameter, are designed fo meet your most rugged conditions 
There is a ring-mounted fan for your requirements. Write for 
complete technical and performance data 


REPRESENTATIVE UNITS 


Air Air 
Delivery | Delivery 
at at 


Basic 
Voltage s Type 
‘ Numbers 





F4H92H 


F2HIT 








F2H90U 
































EASTERN AIR DEVICES. 10 


SOLVING SPECIAL PROBLEMS IS ROUTINE AT EAD 


3 C(t: | (@ 


r “ noe . D ‘ ena ae eOlun 


~~ 


375 CENTRAL AVENUE © DOVER, NEW HAMPSHIRE 





NEW BOOKS 


re as eral Survey”, offers 18 basic principles 
DC-AC eh Ry underlying flow production. A detailed 
account of realization and/or applica 


CHOPPERS we tion of these basic principles is found 


in the next 1] chapters, whose con 
For 60 Cycle Use ot tent can be glimpsed by their chapter 
headings: “Launching a New Prod 
Built to rigid ; uct’; “Specialization, Standardization, 
commercial sees Simplification”; “Raw Material Re 
specifications. me. quirements”; “Achieving Continuous 


Twenty-two types, wen Operation”; ““Time Planning”; “Acc u 
both single and ns ~ y of W — br —_ —_ 

anning”’; “‘Maintenance ransfer 
double pole. irs Mac hines and Automation”; “Cost 
Long life. ; Keeping”; “Automatic Transfer Ma 
Low noise level. chines”. 

The next, and longest chapter, 15, 
“The Automatic Factory’, conside1 
Write for the “possibilities and desirabilities” of 
Catalog 370. actually effecting automation in the 

factory. The “possibilitic ire largely 
those observed in certain factories al 


~eiada. ready in operation, such as the 1uto 


INCORPORATED frame and pipe-making plants of the 

ARNOLD 4. O. Smith Corp. in the U. S. and of 
the car-assembly plant of the Austin 

22 ELKINS STREET Motor Co. in Britain. ‘‘Desirabilities”’ 

SOUTH BOSTON 27, MASS are handled by advancing detailed an 
swers to eight postulated questions 
uch as ““What are the advantages of 
automatism?” and “What will be the 
ocial effect of automatism?” 

The closing chapter, “Human Rela 
tions”, covers the past, present, and 
future benefits of automation and 
concludes that “flow production is, in 
fact, a logical development that has 
tremendous advantag« and when 

Means More properly employed is of benefit to the 


whole community”, thus reaffirming 


In MAGNETICS ; * the author’s opinion that “provided 
allied 7 — | i 


that the human relations aspect i 
properly safeguarded, flow production 


’ : methods can become a most powerful 
HERE’S WHY: factor in easing the labour and pro 


® Reads 10 to 30,000 Gauss Flux Fields moting the well-being of mankind.” 
® Probe is only .025” thick 


~~ ” 
® Active area .01 square inches Ce . . . on Process Control 
© Net Weight 10-1/2 Ibs. k Rene” PROCEEDINGS OF THE CONFERENCE 
© Power Supply 105-125 Volts, 50-60 Cycle 


on AUTOMATIC CONTROL IN THI 


© Overall size 13” high, 10-1/2” wide, 6-3/4” deep Process Inpustries. Published in 


Precision buil Sux dena id a “The Quarterly Transactions of the 
recision built to give accurate flux density measurement and determine Institution of Chemical Engineers” 


“flow” direction. The unit also locates and measures “stray fields,” plots (London). Vol. 33. No. 3. 1955, 

variations in strength, and is ideal for checking production lots against pp. 155-239. Sold by the Institu 

a standard. Simple to operate, the D-79 gives no ballistic reading . . . tion of Chemical Engineers, 56 Vic 

doesn’t jerk or pull. Comes in protective carrying case. toria Street, London, S.W. 1, Eng 
land. 12.5 shillings 

This London conference of Oct. 4, 

1955, sponsored jointly by the Insti 

075 STEWART AV tution of Chemical Engineers and the 

sik MPIRE y | ? ARD . Society of Instrument Technology, was 

YNA , INC. pe intended “to focus attention on the 

common interests of the chemical en 

gineer and the process control engi- 


Extreme reliability. 


Write for literature—Dept, CE 56 
ay, 
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neer, and on the necessity for their 
working together as closely as possible 
to develop this control system de 
sign 

l’o such end, the need for more in 
tensive study of the economics of proc 
ess control and of the characteristics of 
the process plant were especially 
stressed. For the economics of proce 
operation determine, in the large, 
specification of the operating perform 
ance of the control system. And in 
turn, the design of such system hinge 
on ability to ascertain (and to modif 
as necessal those characteristics of 
the processes and plant that enter into 
the contro] schem« 

The first group of three papers in 
cludes two well<letailed works: R. S$ 
Medlock Fundamentals of Auto 
matic Proc Control” and J. Me 
Millan The Dynami of Proce 
Plant”. The third paper, by B. S$ 
Balis and A. H. Isaa Automatic 
Proce Control and Chemical Engi 
neering’, focuses attention on the rol 
of the chemical engineer in plant ck 
ign and control. In particula: mean 
of improving conti ollability b ol 
sidering the type of reaction, typ 
process, and method of regulation, ar 
the feasibility of introducing controll 
bility at the mechanical design stag 
are suggested as desirable fields of 1 
search that fall within the province of 
the contro iented chemical eng 
neci 

; followed by in 

t of the discussion 
ome sixteen individual 
and of the corr ponding closures by 
the authors. The presence of proc 
control engineers among the partici 
pants made for an interesting, pointed 
ind provocative comment on_ thé 
values and applicability of the—t 
many relatively new field of proce 
control theor 

The first four of six papers in the 
second group are well-illustrated ac 
counts of certain specific application: 
B. O. Smith, “Automatic Control in 
the Steel Industry’, considers the auto 
matic control of open hearth and well 
reheating furnaces and touches on the 
problems underlying control of rolling 
mills. W. A. Goldstein, “Automatic 
Control of Batch Processes’, is largely 
an account of cam-operated and preset 
types of program controllers and con 
tinuous modification of them through 
1utomatic monitoring of the raw mate 
rials and finished products. W. A. J 
Preece, “The Temperature Control 
of Large Storage Tanks’, tells about a 
scheme for automatic temperature 
control of petroleum tanks that cut 
yearly steam requirements in half 
N. C. Underwood, “Automatic Con 
trol in the Pulp and Paper Industry” 


is largely a description of application 


New CPI therrnal switch is 
Light ahd Lively 


This new lightweight (weighs less 
than one ounce) thermal switch features an 
operating differential of plus or minus only 

one degree with extremely fast response. 


With an effective calibration tem- 
perature rating from —-20°F +4 1000°F, 
it will even operate accurately 
when subjected to momentary 
undershoots to —80°F and 
overshoots to as high as 2000°F. 


Wherever fast-acting, sensitive, 
thermally responsive regulation is required 
for control of dangerously high or 
low temperatures, this “LIGHT and 
LIVELY” switch will do the job 
accurately, dependably. 


Ask about these CPI switches, too. 


Plug-stat Super 
versatile : " High-temperature 
thermal switch thermal switch 


\ ——_ hi 
y } Hermetically sealed 
‘ 
) fire detector 
type 
wm 


Thermal switch 
for temperatures 
to 1200 “F J 





Ask our representative to tell you how CPI 
can help you solve your temperature control 
problem—and remember— when temperatures 
are high (or low) you can depend on CPI. 
Write for complete engineering data. 
Ask for catalog C! 


Vertiol products, inc. 


HARRISON, WN. 5. 
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FREE SELECTION CHART 





for 


AGASTAT 


time delay 


relays 


Now you can select exactly the right Agastat time delay relay 


for your particular timing need 


in a hurry. This free selec- 


tion chart lists data on every popular model in the Agastat 


line—the most complete line of 


pneumatic time delay relays 


in the industry. They’re adjustable for timing from 0.1 second 


to 10 or more minutes, unaffected by voltage variation, dust- 


proof, light, and mountable in 


any position 


And there’s an 


Agastat model to precisely fit your requirements, including 
two-step, electrical interlock and double head units. A glance 
at the free selection chart tells you w'uich model to order. 


Write for your free copy to Dept. A26-523 


rNC7.\ 


Elastic Stop Nut Corporation 


of America 





DIVISION 


1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing. 


Borg 900 Series Micropots 


offer everything you want 


Versatility 1 to 5 gang models, 
single or double shaft, 
bushing mount 


servo of 


Permanent Accuracy Resistance 
element integrally molded within 
housing. Leads, taps and terminals 
firmly encapsulated 


Long Life 
tributes wear 
contact. Rigid, fixed lead screw 


Scanning action dis 
across face of bar 


in a potentiometer 


Dependability Mechanically and 
electrically stable. Effectively 
sealed against dust and moisture 


Absolute Linearity Uniform re- 
sistance distribution. No external 
trimming required 


Meets 
military 


Specifications extreme 


commercial and 


ments for all applications 


7 Availability Quick deliveries on 
production quantities 


require- 


Borg 1100 Series Micropots 


Accurate, dependable, long-lived 


coded leads for easy installation 


Has 9 inch 


Offers your 


products a competitive price advantage 
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of instrumentation in th 
ing industry. 

S. W. J. Wallis, 
Process Control ne 15 
sion of the advantages of 
equipment and of the effect on 

requirements, plant-time efh 
yield efficiency, and product 
ontrol quality. An analysis of the cost 


The Economics of 
1 unique discu 
mtro 
man 
power! 
ICnic' 
of installing and operating the instru 
mentation for a medium 
unit indicates considerable interest in 


sized refining 


the financial aspects of cont pra 
tice 

In “Development of Modern Con 
trol ‘Technique and the Pattern of 
Future Development’, A. J. Yor 
me of the British 

mntrol mention 


ri hortcomings of cul 


foremost 


engincers, 


; 


| ? 
nd uggcst developm 


to obviate them; empha 
of collabo: ition betwee 1 


1 
ind research establishm« 
] 
i 


that the 
educated in basic princip] 


] . 
theor 


che Thh ic 


engi 


ind urges an 
hetw n those who d 
ind tho 
quipment and 
roup OF | 
| by pertin 
ontributor 
hereto 
deta 
ind th« 


tallation 
tain phase 0 
trol theory and d 
ed into Brit 
A lu 
| featu 


ld Hartl 


riz 


iously br 


ontrol work 


on Cybernetics 


LA CyYBERNETIOQUE: D 
HtumaIn Aux CEeERrvi 
crecs. (Cybernetics: I Iluman 
Brain to Artificial Brain Paul 
98 pp Published by Masson 

Editeur 120 Boulevard 


Germain, Pari 


AUX 


( 'Ossa 
et Cx 
Saint 


5 francs 


Phi book by 
| ench 
cian, examines the 
the functions pe 
and imp 
cannot be paralleled by so-ca 


scientist, neur 


] 
Ullal 


rain Can mor 


~ “at 
tronic brains electro 


digital computers 


Chapter 1, “Birth a 











Electrical and 
Electronic Engineers 


For work on: 


CONTROLS. Power distribution, unit sub-stations, 


switch-gear, protective devices, control circuits, 
and relay circuits. 


SERVOMECHANISMS. Automatic feedback control 
systems using single and multiple loop systems, 
circuit analysis using Laplace Transform Meth 
ods; digital and analog computer analyses, and 


magnetic amplifier control systems 


INSTRUMENTATION. Digital data systems, mag 


What engineers find 
behind this door 


In the past ten years, hundreds of engineers and scientists have 
opened this door. To a man, they'll tell you that they are impressed 
by the challenging, fascinating work — advanced rocket engine 
development, design and testing. 

Daily, engineers find that their job at RocKeTpyNeE is a 
big and important one... concerned with all phases of the rocket 
engine business ...a demanding job, with personal and professional 
rewards that equal or exceed the demands. 

You can find all this—and more: new rocket engines, 
pumps and powerful turbines, designed to meet the rugged 
requirements of space flight. 

You can open this door to a number of exciting, different fields, one 
of which will fit your training or experience. You needn't have 
worked directly in rocket engines or other propulsion systems before 
Experience or training in other engineering fields can qualify you 
for a position at Rocketpyne. Listed below are some examples 


netic core circuitry, statistical application, 
magnetic amplifier, vibration studies, and in 


strumentation development 


TESTING. Design and operation of instrumenta 
tion systems consisting of tape recorders, 
electronic pulse counting equipment, recording 
oscillographs and electronic recorders used in 
testing large rocket engines. Also design and 
operation of large electrical prime movers used 
in the development of large rocket engine 
pumps; and electrical control consoles used in 


static testing of large rocket engine 


DESIGN ENGINEERS + RESEARCH ENGINEERS 
DEVELOPMENT ENGINEERS «+ TEST ENGINEERS 


For detailed information, please fill out and mail the coupon below 
There is no obligation, and all replies are srictly confidential. 
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Get 
aeaeiminnem Use VICTOR Air Regulators 
at the 
CONSTANT pressure 





Reduce delivery pressures to required operating 
you need levels, prevent over-pressures, accurately maintain 
constant operating pressure and flow to cylinders, 
pneumatic tools and other air equipment—all with 
out chatter. Standard model VICTOR Air Regulator 
has 0-125 p.s.i. delivery range, with 200 p.s.i. gauge 
Other models with range to 250 p.s.i. (on request 
Inlets are 500 p.s.i. (maximum) . Temperature range 


40° to +-200°F. 


VICTOR Pneumatic Controls 
with VICTOR Air Regulator 


For air-operated machinery and tools. Combines air 
regulator with filter and lubricator. Scientifically de 
signed filter traps condensation, pipe scale and dirt 
from air line, with minimum flow resistance. Lubri 
cator is set instantly to any rate, provides correct 
oiling for all types of air equipment; may be refilled 
When regulating air or : without shutdown. 
gases of any type, at any 
pressure from 0-10,000 


p.s.i, look to VICTOR for TE § : : . VicIoR EQUIPMENI COMPANY —_—! 


highest quality instruments 


and expert assistance. See ’ Mfrs. of welding & cutting equipment; hardfacing rods, blasting 
your VICTOR dealer now .y nozzles, cobalt & tungsten castings; straightline and shape cutting 
... or write for literature. ® 4) machines 


844 Folsom St. SAN FRANCISCO 7 
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Discipline”, is a concise account of 
the conception of cybernetics (about 
1938), as rooted in the work of 
Wiener and Rosenbluth; of its de- 
velopment to date, chiefly in the 
United States, England and France; 
and of the work of some of the major 
contributors in these three countries. 

Chapter 2, “Man and the Machine: 
Methods of Comparison”, remarks on 
the shortcomings and relative merits 
of the two major analogical approaches 
to determination of the structural 
functioning of the human neurological 
system. The first, the method of com- 
parison, entails identification of simi 
lar structures in man and in a suit 
ably discerned machine; establishment 
thereby of corresponding functional 
components; and attribution of the 
functioning and role of a machine 
member to its human counterpart. In 
the second, the method of models, 
the structure and functioning of a 
neurological apparatus is conjectured 
Here the performance of an electrical 
or mechanical analog of the human 
counterpart is compared with the liv 
ing original and any evidenced simi 
larity of performance is taken as indi 
cating correct initial conjecture as to 
the neurological apparatus. 

Chapter 3, “The Homologies of 
Structure: Feedback’’, delineates es 
sential action of feedback in machine 
and then shows how a satisfactory ex 
planation of certain bodily behavior 
is afforded by asserting similar mecha 
nistic actions in the human. Chapter 
4, “Why the Human Heart Does Not 
Oscillate as a Pendulum’’, outlines the 
possibilities of occurrence of self-oscil 
lating loops in the human neurological 
system. 

Chapte: “Small Monsters’, ex 
plains the actions, inherent limitations, 
and possible development of mecha 
nistic devices or “animals” such as 
Piraux’s dog, Grey Walter’s tortoises, 
Ducrocq’s foxes, and Ashby’s homeo 
stats. Chapter 6, “— and Great Mon 
sters”, outlines the origins, develop 
ment to date, and functions of certain 
basic electronic analog and digital 
computers and translating machine 
Chapter 7, “Problems of Information”, 
gives a nonmathematical account of 
the essential connections underlying 
the optimum transmission of informa 
tion in animate and inanimate struc 
tures. 

Chapter 8, “When the Creature 
Devours its Creator’, briefly considers 
the economic and social consequences 
that might originate in an industrial 
revolution as the result of an unin- 
hibited use of automatically controlled 


HIGH versatility 
dollar 


Yes, the EECO CSI Analog Compu 
ter is the most versatile computer in 
the low-cost field. It was developed 
by an organization of consulting er 
gineer pecifically for use by engi 
neer in the engineering laboratory 
proven by more than two yea! 
vice in such applications as guid 
ance system and autopilot design 
flight simulation, and analysis of 


automatic control problem 


Small enough to be used anywhere 

in the lab, on the flight line, or in a 
proce area large enough to 
handle complex problem the CSI 
is truly the engineer’s computer 
More problems can be handled with 
greater simplicity. Problems can be 
et up faster. Inexperienced person 
1el can master equipment with mini 


mal instruction 


For complete information on thi 
highest quality computer, request 


Bulletin M-4. 


Production 


ceonin thi 
found 
mechanics 
damping) 
three amplifu 
Utilizing per 
plug im furthe 


gramming toe 


Electronic Engineers in 
terested in systems will 
find challenging employ 
ment opportunities at 
EECO. Send resume to the 
attention of R. F. Lander 


EECO PRODUCTION COMPANY 


subsid: 





Company 


506 


Electronic Engineer i ng Company 


of California 


EAST FIRST STREET © SANTA ANA, CALIFORNIA 
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multipole 


Switch 
meets Specification MIL-S-6807 


@ 8 contact positions. The ESCO Type AF 
@ Up to 6 sections, or poles. rotary multipole tap 
@ Unlimited or limited rotor switch is designed to meet 
movement by moving two Specification MIL-S-6807. 
stop screws. Rotor movement can be 


@ Electrical ratings:  @ Sanita 
Sam, 56 0. de, cite. changed from unlimited 


- tit > 

2.5 amp. 28 v. d-c, inductive. to limited 4 to 5 pos 
tions) by placement of 

2.0 amp. 28 v. d-c, lamp load. ‘ ‘ owe th 

5.0 amp. 115 v, 400 cps, _ S =a screws in Ts 

resistive. 2.0 amp. at 50% rear plate 

power factor. Write today for Bulletin 7. 











to meet all military 
environmental specs. 


G-M specializes in the design and manufacture 
of servo motors for military uses. Readily avail- 
able, both in standard sizes and as special units, 
these precision-built motors meet all military 
specifications for altitude, high and low temper- 
atures, vibration and shock, humidity and salt 
spray. 


for G-M charts, specifi 


ML Servo Motor 


data. No obligation ‘> G-M LABORATORIES INC. 


cations and performance 


course 


4340 N. Knox Avenue + a 41 
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machine A concluding chapter, 9, 
From the Machine to the Spirit—or 
from the Spirit to the Machine?”’, dis 
cusses certain moral, spiritual, and in 
tellectual ways in which automatic 
machines cannot rival the human. The 
author maintains machines cannot pre- 
determine, learn, exercise a critical 
faculty, extrapolate from the specifi 
to the abstract, invent, or manifest 
piritual aspects. Readers whose se- 
mantics conflict with the author’s will 
reject one or more of these premises 


on Laplace Applied 


Die LAPLACE-TRANSFORMATION UND 
lure ANWENDUNG IN DER REGE 
LUNGSTECHNIK (The Laplace Trans- 
formation and Its Application in 
Control Engineering). Edited by 
R. Herschel. 142 pp. Published by 
R. Oldenbourg, Munich, Germany 
DM 12.80 


This volume comprises the proceed 
ings of the Annual Conference of the 
Professional Group on Control Mathe 
matics of the Society for Applied 
Mathematics and Mechanics, held at 
Essen, Germany, Oct. 6-8, 1954. As is 
customary with the group, the confer 
ence was devoted wholly to exposition 


I 
and exploration of one topic—in this 


instance, use of the Laplac transform 
in modern control-system analy 
This work is not substantially 
to the control engineer who has had a 
good basic course in control theo 
Rather, its prime value | 
clarity of explanation 
theory; in the detailed 
imples illustrating each 
uniquel in showing 
tep buildup of the theo 
olution of the performan 
is if 1s mad 
This is done 
iccount those ramifi 
though commonly neg 
treatment, appreciabl 
ictual performance of t 
mainly for this last r 
reviewer recommend 
of this excellent littl 
Fach of the eleven pap 
carefully edited, integrated 
ized by the editor, D1 
each case the formal pre 
the author and the dis 
lowed it are made a unit 
] The opening papel | \\ 
pelt (pp. 9-15), shows how to derive 
the differential equations governing 
the overall performance of a closed 
loop svstem, in particular that of an 
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regulated de generator. Analysis of the 


need lubrication structural details of the components, 


formulation of corresponding equa 
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. basic Laplace transform theory that 
EXCELLENT DIELECTRIC underlies determination of the tran 
PROPERTIES 


sient performanc: f singl ind 


* GOOD HEAT PROPERTIES multiple-loop control systems. ach 
UP TO 350°- 500°F major point of theory is illustrated by 


olution of a well-chosen numerical 


E-1 Digital Voltmeters 
automatically 
measure missile 
computer voltages 
within 0.01% accuracy 


Rulon is inherently slippery, requires no example 

lubrication. This remarkable plastic offers me a Herschel 45-54 LIS¢ 
most of the advantages of Teflon but has 

far greater wear resistance and better 


resistance to cold flow. 


Doetsch’s theory to determine the so 
lutions of the governing equation for 
mulated by Oppelt, and thus the 
transient behavior of the output volt 
age of the system 


If you need one or all of Rulon’s special 
properties for bearings, bushings, slides, 
guides, cam followers, washers, spacers, or 
other parts — consult us without obligation. 4. ¢ yppe It obtained his governing 
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LIQUID LEVEL and 
INDUSTRIAL CONTROLS 


Positive! Dependable! Eco- i ’ 
nomicall No floats! No “a , e 
moving parts in liquid. Un- 1 
affected by acids, caustics, 

pressures or temperatures. 


Induction relays, magnetic 
contactors and starters. 
Special control panels. 


WRITE FOR COMPLETE CATALOG 


B/W. CONTROLLER CORPORATION 


2212 £. MAPLE ROAD BIRMINGHAM, MICH 


FIRST IM THE FLOATLESS CONTROL FIELD 


Electronic Engineers 


C frorctun tlies Untimettled... 


with the manufacturer of DATATRON 
Electronic Data Processing Machines 


ElectroData Corporation has become in little more than a 
year the third ranking company in the digital computer field. 
The company recently moved into its new, ultra-modern, 
40,000 square foot plant—completely air and sound-condi- 
tioned—in Pasadena’s scenic Hastings Ranch area. Threefold 
expansion of facilities can be expected in the next few years. 
This dynamic growth has created innumerable openings in 
all phases of computer design, development, application, test, 
and customer service. Excellent salaries, employee benefits, 
and profit-sharing accompany these positions. If you qualify 
for high standards . . . send your resume to: 
R. A. Alexander, 


Personnel Director 


ElectroData corPoRATION 


PASADENA, CALIFORNIA 
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mination of the stability of the system 
by use of complex loci diagrams. He 
applies this theory to determine sys- 
tem stability when dead time is en- 
compassed in the forward link, and 
tells how to effect “piecewise continu- 
ous” response from the resulting tran- 
scendental overall transfer function. 

9. R, C. Oldenbourg (104-114) in- 
dicates the utility of Laplace transform 
solution for nonlinear systems by show 
ing how it can be used to determine 
response. In this case response in 
cludes an intermediate stage of control 
(a solenoidal component with dead- 
band). This solution is effected by 
splitting the time domain into sections 
over which the system is essential 
linear in operation. 

10. H. F. Schwenhagen (115-129 
advances a “physical interpretation” of 
the Laplace transform through con 
sideration of the integrand as the su- 
perposition of waveforms of complex 
frequency. 

11. The concluding paper (130-142) 
by J. Peters, a well-known German 
radio engineer, analyzes Oppelt’s sys- 
tem by use of techniques developed 
for feedback-amplifier performance. In 
particular, the stability of the system is 
investigated by use of the Nyquist dia 
gram 


on Computers 


[GLossary OF TERMS RELATING TO 
Automatic DiciraL ComMPpuTERS] 
B. S. 2641: 1955. 25 pp. Pub 
lished by British Standards Institu- 
tion, 2 Park Street, W. 1. London, 
England. 3 shillings 


I'he Advisory Committee for High 
Speed Calculating Machines of the 
Dept. of Scientific and Industrial Re 
search and the British Standards In 
stitute produced this glossary in the 
belief that the development of high 
speed digital computers has reached 
the stage where standardization of 
terminology is desirable 

It has roughly 100 entries referring 
to fundamental terms, coding systems, 
storage techniques, programming and 
pertinent routines, and a few defini- 
tions relative to number systems 

The American computing engineer 
will find this a handy reference when 
reading British literature on automatic 
digital computers 

Thomas J. Higgins 

Professor of Electrical Engineering 


University of Wisconsin 





WHAT’S AHEAD MEETINGS 


APRIL 


American Management Association, 
Special Conference on Systems 
Planning and Control, including 
Systems Role in Electronic Data 
Processing”, $75 fee, Hotel Roose 
velt, New York 


Apr. 23-24 


Institute of Radio Engineers, Profes 
sional Group on Circuit Theory, 
Symposium on Nonlinear Circuit 
Analysis (sessions on design, non 
linear feedback systems, discontinu 
ous systems, random inputs, and a 
round-table on evaluation of meth 
ods in theory and practice), Audito 
rium of the Engineering Society 
Building, 33 West 39th St., New 
York 


Apr. 25-27 


American Institute of Electrical Engi- 
neers, Conference on Recording and 
Controlling Instruments, Bradford 
Hotel, Boston 


Apr. 26-2 
MAY 


American Institute of Chemical Engi- 
neers, 34th National Meeting, The 
Roosevelt Hotel, New Orleans, La 


May 6-9 


Instrument Society of America, Se 
ond National Flight Test Instru 
mentation Symposium. Hote! 
Texas, Fort Worth, Tex 


Mav 6-9 


Western Material and Handling Con- 
ference and Equipment Show (se: 
sions on data processing and auto 
matic warehousing, mass movement 
of people, missile handling, et 
Great Western Livestock Exhibit 
Bidg., Los Angeles 


May 9-1] 


Institute of Radio Engineers, Nationa! 
Conference on Aeronautical Ek 
tronics, 70 exhibits, Hotel Biltmor 
Davton, Ohio 


Mav 14-16 


Symposium on Reliable Applications 
of Electron Tubes, RE TMA Eng: 
neering Department, IRE Profes 
sional Group on Electronic Devices 
and JETEC, University of Pennsy! 
vania, Philadelphia, Pa 


May 22-23 





| PRODUCTS | 





CRYSTAL CONTROLLED 
TRANSISTOR 
OSCILLATOR 





Available 


Complete, precise plug-in signal source providing fixed 
temperature and humidity environment for transistor 
and circuitry elements. Extremely compact, it features 
a special crystal, designed for the particular applica- 
tion, with tight angle control and tolerances, and an 
oscillator tailored for frequency and other parameter 
values of the crystal. Each assembly is laboratory- 
controlled, permitting a guaranteed over-all perform- 
ance of the complete package 


TYPICAL PERFORMANCE: | MC TRANSISTORIZED OSCILLATOR 


Heater Supply Voltage 6 Volts Nominal 
ac or de 
Heater Current Drain Appro« Leeding Characteristics Loads 
1 ompere hom 7 ohm to open circuit 
Oscillator Supply Veltege changes frequency les than 1 port 
Nominal 6 Vde in 1 
Oscillator Current Drain at 6Vde Variation in Supply Voltage 
1.5 mo Voltage as low as 45V changes 
Calibration Frequency Adjust- freavency less than 1 part in 10° 
ment Nominal + 0006% Output Power 4 microwatts into 
Freauency Stability (24-hour Peri 600 ohms (50 millivolts) 
od) 1 pert in 10° 


Output Impedance 
40 


hms 








Uv,y,8, 


A t Ff 1 
vgmentive Functions 12 integrating /summation; 12 summation 


A division of Weber Aircraft, 2820 Ontorie Street, Burbank, Californie 


Write for complete data 


THE JAMES KNIGHTS COMPANY 


Sandwich, Ilinois 


Solve for, Lilt component Lt’ of o tote! cer 
respect to velocity direction of on aircratt 


i¢ 
D y= (Uvs.y:8:,0.9)-4+-1.0+ ly? +14,8,4+-86% ae 
p y f ‘ 
dt " 1-8 oe 
Pa 


Difficult problems—even tweifth-order linear differential equations and 
nonlinear equationsare no problem for the 

WEBER GENERAL PURPOSE ANALOG COMPUTER 
It requires no auxiliary equipment to present dynamic solutions in scous 
tics, aerodynamics, vibration, thermodynamics, structures, and chemis 
try. As a simulator, the unit can be used to find operation parameters; 
to study missile trajectory and various aerodynamic factors of yaw, 
pitch, and roll 


We think it's the greatest thing since the Model T, and if 
you don't believe you can get all of this for $8000, give us 
a chance to prove it to you. Write for more information 


DUAL OPERATIVE TIME, real and fast, with in- 
stantaneous switching and 5” dual beam scope 


36 POTENTIOMETERS 


SIMPLIFIED EQUATION BOARD eliminates 
programming of problem 


FUNCTION GENERATOR included as 
standard equipment 


CABINET DESIGN provides sliding racks 
for individual component housing 


24 AMPLIFIERS 
ELECTRONICS 





ENGINEERS, 
Electronic & Mechanical 
PHYSICISTS: 


Top Grade Openings 
At Melipar Leader in 


Electronic Research & Development 


Due to our continuing expansion program, a number of top grade 
openings exist in our new laboratories suburban to Washington, 
D, C. We urge you to consider the following: 


1. At Melpar the engineer is not tied to a pre-arranged schedule 
of advancement. Instead, promotion and advancement are based on 
individual recognition, where skill and ability are the paramount 
factors of determination, 

2. Melpar has doubled in size every 18 months for the past 10 years 
New openings occur constantly. This enables the engineer to 
advance to positions of increased responsibility as svon as he is ready. 


3. Our unique “project team” basis of organization gives the engi- 
neer an opportunity to participate in entire problems from concep 
tion to completion of prototype, and thus experience the “over-all” 
approach to engineering mes» Dr necessary to eventual director 
ship responsibility. 


4, Our new air-conditioned laboratories encompass over 285,000 
square feet and offer complete facilities for creative research and 
design. In addition to our central Model Shop, supplementary facili- 
ties, personnel and test equipment are available for immediate use 
within each project group. 


5. The Northern Virginia Area, suburban to Washington, D. C., in 
which Melpar is located, offers excellent living conditions, enjoys 
the Nation’s highest per capita income, fine homes and schools 
Recreational, cultural and educational facilities abound. Fully 
accredited graduate courses are offered at the Melpar laboratories 
and at 5 universities in the Area. 


Top Grade Openings Exist in These Fields: Network Theory @ Systems Evaluation ¢ 
Microwave Technique © UHF, VHF, or SHF Receivers © Analog Computers ® Magnetic 
Tape Handling © Digital Computers © Radar and Countermeasures @ Packaging Elec 
tronic Equipment © Pulse Circuitry © Microwave Filters © Flight Simulotors © Servo 
mechanisms © Subminiaturization @ Electro-Mechanical Design © Small Mechanisms © 


Quality Control and Test Engineering 


ormation Qualified engineer 
isit Melpar at Company exp 


WRITE: Technical Personnel Representative 


M E L PA Fe Incorporated 


A Subsidiary of Westinghouse Air Brake Company 


3067 Arlington Boulevard, Falls Church, Virginia 


Positions also available at our laboratories in; 
Cambridge, Mass., 99 First St Watertown, Mass., 11 Galen St 


CONTROL ENGINEERING 


wuar’s AHEAD: MEETINGS 


American Society for Testing Mate- 
rials, Fourth Conference on Mass 
Spectrometry, Netherland Plaza 
Hotel, Cincinnati, Ohio 


May 27 


JUNE 


American Society of Mechanical Engi 
neers, Semi-Annual meeting, Statle: 
Hotel, Cleveland, Ohio 


June 17-2] 


Stanford Research Institute and the 
University of California, Sympo 
ium on “High ‘Temperature—a 
lool for the Future” (methods, ma 
terials, and processes for high tem 
peratures), University of California, 


Be rke le 5 
Ju i¢ 


American Institute of Electrical E.ngi 
neers, Summer and Pacific G 
Meetings, San Francisco 


VOICE COMMUNICATION 


p.us Control 


RFL 
Model 983 


OPERATES OVER 
WIRE CIRCUIT 


OR MICROWAVE ° “4 
rowwe Voicon 


2-Way VOICE plus CONTROL 
Clear Voice Terminal 


and Provides two, reliable 
Reliable frequency shift control 


channels at 2800 & 3000 


Control cps isolated from voice 


6 by filters. Isolation trans- 
formers allow connec- 


Frequency- tion to balanced wire cir 
Shift cuits. Interchangeable 

: plug-in components and 
Fail Safe printed circuit boards are 


Operation used in transmitter, re- 
ceiver and power supply 
sections 


& 
. -—< The VOICON is one 
Ce of many RFL terminal 
units for control, tele- 


2s 
. metering, teletype, voice 


or data transmission 


Write for Technical and Application Data. 


Kadio Frequency 
LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 





build your future with 


NEW ELECTRONIC 
ACHIEVEMENTS 


tional professional standing in a cor 


enial atmo 


Here at AUTONETICS nearly 100 advanced electroni: 
vel latest di ital 


phere You'll have access to the 


ind analog data processing equipment. You'll ha 
wi\ iti’. if 


and electro-mechanical projects are in progress 


projects whose long-range implications are moving 
forward the frontiers of technical knowledge. the opportunity to contribute to the 
Most of the work is well in advance of reports in — electronics and electro-mechanics and at the same 
technical publications, or even confidential texts. Th time further your own career. What's more, you'll 
one way to keep abreast of this unique and highly like living in Southern California 
Write now for complete inforn 


will be handled promptly ind « 


itior Your in 


rewarding research is to be in it. 
nfidentiall 


At AuTonetTics you'll work with men of exces quiry 


UNIQUE OPPORTUNITIES FOR: 
Environmental Test Engineers Electronic Component Evaluators 


Electro-Mechanical Designers 
Flight Control Systems Engineers 


Fire Control Systems Engineers 
Computer Application Engineers 


Computer Specialists 
Instrumentation Engineers 
Computer Programmers 


Automatic Controls Engineers 


Electronics Research Specialists 
Electronic Engineering Writers Inertial Instrument Development Engineers Preliminary Analysis and Design Engineers 


Aiso Openings for Drattsmen and Technicians 
- 
ows, Autonetics 
Autonetics Engineering Personnel Office, Dept. 991-20 CON 
12214 Lakewood Blvd., Downey, Ca / N OF ft ws 


MAY 1956 





Nine 
modern sci 


- 
, 


MEN WHOM THEIR CONTEMPORARIES THOUGHT DREAMERS! 


, usually, in isolation and often amidst scorn. 
Today, advances are born of the cooperative endeavor 
of many minds, supported and respected. 


IBM, acknowledged leader in the computer field, 
has always sought in engineers and scientists that one source of all 
scientific achievement —the ability to think fearlessly! 


To the engineer who possesses this ability, 
IBM offers pw of ch mn, coe | in the world’s 


Walter Bagebot 








WORK ASSIGNMENT AREAS 


¢ Research in solid 
state materials 


Information handling theory 
Machine organization research 


Systems planning and 
logical design 


Electronic circuit design 
Transistor circuitry 
Component development 
Input-output device controls 


Functional and 
reliability analysis 


Computer programming 


Mechanical development 
and design 


Publications engineering 


| 


' 





INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 








+ 


“ye 


SESSING + ELECTRIC FYPCMTENS + TIME EQUIPMENT + MILITARY PRODUCTS 


Tees 
Se tye , 


CONTROL ENGINEERING 








"NATIONAL 
COVERAGE 


m request 


columns 


Subject to 





Positions Vacant 
Positions Wanted 
Part Time Work 


DISPLAYED 
The advertising rate is $17.80 per inch i wivertising ap 
pearing on other than @ contract basis. Contract 


EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—executive, management, technical, selling, office 


An advertising inch is measured 
1) inches to a page 


Agency Commission 


Send NEW ADS and inquiries to Classified Advertising Division of CONTROL ENGINEERING, 330 W. 42nd St., N. Y. 36, N.Y 


Civil Service Opportunities 
Selling Opportunities Wanted 
Selling Opportunities Offered 


——- RATES——_ 


rates quoted 


skilled, menval, etc 
Employment Agencies 

Employment Services 

Lebor Burecus 


UNDISPLAYED 


$1.80 per line, minimum 3 tines. To figure advance payment 
count 5 average words as @ line 

Positions Wanted The rate is of alf of the above 
nh advance 

Box Numbers counts as | line 

Discount of 10% if full payment 
secutive insertions 

Not subject to Agency Commision 


payable 


n advance for 4 con 














REPLIES (Bow No.): Address to office nearest you 
NEW YORK: 330 W. 42nd &t. (36) 
CHICAGO: 520 N. Michigan (11) 
BAN FRANCISCO: 68 Poat Bt. (4) 
LOS ANGELES 1125 W 6th St. (17) 








SELLING OPPORTUNITY WANTED 
Texas-Oklahoma. Control Equipment and tn- 


struments Desire additional accounts due 
to expansion. Established offices in Houston 
and Dallas D. J. Smith, 1803 Calumet, 
Houston 4, Texas 





PROJECT ENGINEERS 
$8,000 to $12,000. With experience in controls, 
servos, instrumentation, process, research, applica- 
tion and design. Will head up entire multi-product 
program. All expenses paid nd resume to: 
J. J. COOPER 
64 E. Jackson Bivd Sulte 940 
Chicago, 111 WAbash 2-1918 
Prompt and confidential service 








DEVELOPMENT ENGINEER 


A graduate M.E. or E.E. with 3 or mere years in de- 
sign and development of industrial controis. Com- 
pany ep! purchased new plant in Midwest. Po- 
sition will lead to chief engineer's spot. Salary 
$9,000.$11,000. Company assumes all expenses. Re- 
ply in strict confidence 


MONARCH PERSONNEL 
26 E. Jackson Bivd Chicago 4, Iilinols 








PERSONNEL MANAGERS 


LOOKING FOR 
ENGINEERS .. . 
TECHNICIANS ? 


-. 





— 


Write 
for free 


copy of 


“RESERVOIR 
of ENGINEERS and 
TECHNICAL MEN” 


The engineers and technicians you wont to 
reach are gathered in convenient, compact 
groups—as this 12-page booklet points out 

lt keys the job titles these men hold to the 
McGraw-Hill publications they read for on 
the-job information. It explains how you can 
make contact channel, concentrate your 
employment advertising to just the men with 
the iob qualifications you want without 
wasting advertising money for higher-priced 
space in publications with general circula 
tion, in which you pay for perhaps 999 un 
qualified readers for every | who may meet 
your job requirements 


Write for your free copy to 


Classified Advertising Division 
McGraw-Hill Publishing Co., Inc 
330 W. 42nd St., N. Y. 36, N.Y 








a 


ENGINEERS 


MRMA L10NCE8 (1) 


INERTIAL NAVIGATION 


Immediate openings for 
Supervisory and Staff 
positions aa well aa for 

Senior Engineers. Engineers, 


and Associate Engineers 


experienced in 
SYSTEMS EVALUATION 
GYROSCOPICS 

DIGITAL COMPUTERS 
ACCELEROMETERS 
TELEMETRY 

GUIDANCE SYSTEMS 
STABILIZING DEVICES 
SERVOMECHANISMS 
AUTOMATIC CONTROLS 
THERMODYNAMICS 
OPTICS 
ENVIRONMENTAL RESEARCH 
TRANSFORMERS 
RELIABILITY 

WEIGHT CONTROL 


ARMA 


ARMA, recognized for its accomplishments in the fields of 
navigation and fire control, is a leader in the development of 
Inertial Navigation. This new system deals solely with space, time 


and acceleration acting independently of external influences, 


Creative engineering of the highest order is required to develop 
components making Inertial Navigation possible: accelerometers 
to measure acceleration ; integrators to convert this information 
into velocity and distance; gyros to provide directional 
reference and hold the system stable; computers to calculate 
course-to-steer and distance-to-go. Components must meet 
rigid weight and size requirements 
undreamed-of accuracy 


and function with 


ARMA, one of America’s larg 
equipment, offers unlimited opportunit 


t producers of ultra-precise 
for engineers to 

help in this great endeavor. Challenging projects and ARMA's 
extensive supplementary benefits make an ARMA 


career doubly attractive 


ARMA engineers are currently working a 4% hour week at 
premium rates to meet a critical demand in the Defense 
Dept's missile program. Moving all 


wances arranged 


Send reaume in confidence to 


Technical Personnel Dept. 2-500 
Division of American Bosch Arma Corporation 
Roosevelt Field, Garden City, Long Island, N. Y, 








MECHANICAL ENGINEERS 


Young mechanical engineers—minimum 2 years experience 
for challenging design engineering work in a new line of 
industrial automation equipment. Work is concerned with 


the establishment of new performance limits of complex 
electro-mechanical systems. Program is rapidly expanding 
—-engineers can progress as fast as demonstrated ability. 


Send complete resume to 


P-1256, Control Engineering 
520 North Michigan Ave., Chic ago 11, Ot 














CONTROL 


EMPLOYMENT OPPORTUNITIES 


many moons 


Less than 5,000 working hours from now, 
Martin will launch the world’s first earth satel- 
lite. As with the famed Martin Viking Rocket 
program, this is to be No. 1 of a continuing series 
of astronautical research vehicles — man-made 
moons which will chart the way toward the con- 
quest of the final frontier, space itself. 

If you are interested in the greatest engineer- 
, contact J. M. 
Hollyday, Dept. CE-O05, The Martin Company, 


Baltimore S, Mar yland. 


ing adventure of our time 


MVA £4 FET 2 Pe 
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FOR RATES OR 
INFORMATION 


About Classified 
Advertising 


Cc “on lact Tr e 
V1. Graw- Lill fic. 
ij het rest You , 


ATLANTA, 3 
1321 Rhodes-Haverty Bidg 
WaAlnut 5778 
W. KEARNS 
BOSTON, 16 
350 Park Square 
HUbbard 2-7160 
H. J. SWEGER 
CHICAGO, 11 
520 No. Michigan Ave 
MOhawk 4-5800 
W. HIGGENS 
CINCINNATI, 37 
1915 Rockingham Ave 
REdwood 1-4537 
WwW. GARDNER 
CLEVELAND, 15 
1510 Hanna Bidg. 
SUperior 1-7000 
W. SULLIVAN 
DALLAS, 2 
Adolphus Tower, Main & 
Akard Sts. 
PRospect 5064 
G. JONES 
DETROIT, 26 
856 Penobscot Bldg 
WOodward 2-1793 
L. SEEGAR 
LOS ANGELES, 17 
1125 W. 6th St. 
MAdison 6-935] 
C. MceREYNOLDS 
NEW YORK, 36 
330 West 42 St. 


LOngacre 4-3000 
R. LAWLESS 
S. HENRY 
D. COSTER 
R. HATHAWAY 


PHILADELPHIA, 3 
17th & Sansom St 


Rittenhouse 6-0670 
E. MINGLE 
H. BOZARTH 


ST. LOUIS, 8 
3615 Olive St. 
JEfferson 5-4867 
W. HIGGENS 
SAN FRANCISCO, 4 
68 Post St 
DOuglas 2-4600 


R. ALCORN 











EMPLOYMENT OPPORTUNITIES 


Your Application... 


.CO 


Hee RSONNEL 


With your ideas and experience in electron it ten to ENJOY THESE CONVENIENCES 

ne you feel the need for a stimulating and vital outlet 

with real promise for the future Delaware Valley, Center of Industrial Activity 
; Choice of City or Suburban Residence 

Here at Philco we welcome men with creative talent 


j Unexcelled Transportatior i 


1 who enjoy seeking out new and unique w 


: to Philadelphia's beautiful suburbs 
nyvs in radar microwave communications 


Abundant Shopping and Entertainment Centers 


/ j | 


ordnance, guided missiles and high speed data pri 
Great Opportunities in electronic and mechanica trial New Houses, Apartment 
/ 


engineering and research are open tO men who a] y now Schools and Colleges with Highest Ratings 


Lven more Philco has one of the most libera { fy Near Seashore and Mountain Resort 


haring, retirement and insurance programs tn all industry Many Professional Society Chapter: 


y 


Long Range Industrial and Diverse Military Engineering Fields ——~ 


+ Guided Missiles - Radar « TRANSAC Digital Computers « Underwater Ordnance + Bombing and Fire 

Control Systems + Servo-Mechanisms + Microwave Communication Systems + Infra-Red Devices + 

Transistor Circuit Application + Multiplex Equipment « Television Relay Systems «+ Industrial TV + Color 
Broadcast Equipment + Forward Scatter Communications «+ Fire Control Systems « REDAP 


‘ 





Write, Phone Collect, or Apply in person to John FP. Morrissey 
. Your Inquiry will be held in Strictest Confidence 


PHILCO CORPORATION 


OVERNMENT AND “ PHILADELPHIA 44 
NDUSTRIAL DIVISION PENNSYLVANIA 











EMPLOYMENT OPPORTUNITIES 


WHAT IS 
YOUR 
PROBLEM? 





GUIDED MISSILES 
offer unusual 
job opportunities 


The development, engineering and manufac 
ture of guided missiles offer many interesting 
and challenging problems to technically trained 
people, Missile engineering is a new, dynamic 
business with long-term potentials and oppor 
tunities for those who get in on the ground 
floor. 

This business of the future, while engaged 
in developing one of our nation's most im 
portant weapons systems, has many long-range 
commercial applications. 

We, at Bendix Products Division—Missiles, 
are fortunate that, as prime contractor, we 
have the complete responsibility for one of 
the most important and successful missiles in 
the country. 

A thirty-six-page book, “Your Future in 
Guided Missiles", describing in detail the 
many phases of our guided missile operation 
and the job opportunities available to you, 
will be sent to you on request. Write for your 
copy today. BENDIX PRODUCTS DIVISION—MIS- 
sites, 4048, Bendix Drive, South Bend, Ind. 


your 
ee uTURE 
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180 CONTROL 


ELECTRONIC GUIDANCE 
MISSILE SYSTEMS TESTING | 
STEERING INTELLIGENCE 
QUALITY CONTROL 

SYSTEMS ANALYSIS 

TEST EQUIPMENT DESIGN 
PROPULSION & HYDRAULICS 
RELIABILITY 

MECHANICAL DESIGN 
COMPONENT EVALUATION 





PERSONNEL? 


Do you need competent 
men for your staff? Do you 
need men to fill executive, 
sales or technical positions? 


EMPLOYMENT? 


Are you one of the readers 
of CONTROL ENGINEER- 
ING seeking employment 
in any of the above capac- 
ities? 


BUSINESS 
OPPORTUNITIES? 


Are you looking for or of 
fering a business opportun- 
ity of special interest to 
men in the field served by 
this publication? 


EQUIPMENT? 


Do you need equipment- 
Used or Surplus new? Do 
you have any to offer? 


Read the”CONTROL TRANS- 
MITTER” section, and the 
“Employment Opportunities” 
Section found in every issue 
of CONTROL ENGINEERING, 
for the solution of these prob- 
lems. Or bring your prob- 
lem directly to the attention 
of other readers. You can get 
their attention— and action 
—at a relatively low cost by 
placing your ad in 


CONTROL 
ENGINEERING 


330 West 42nd St., N. Y. 36 











EMPLOYMENT OPPORTUNITIES 


THE 
APPLIED PHYSICS 
LABORATORY 


of the . Yat Tpe a Ont Le Marc 
JOHNS HOPKINS fue PR sent (fet athid me ae 
UNIVERSITY ie nd Qe fae vy: 


aes conerte ay 4 my 
" w 4 roles 
ly i GUIDED miss NCE fel Yh # Labe 
as tho on nd 


rator 
encouragement o Yr) individual gdeene ie ns oan 
self -direction 


Our program of 
GUIDED MISSILE 
a - pecorhoagaa 


Please send your resume to 
Professional Staff Appointments 





THE JOHNS HOPKINS UNIVERSITY 
8619 GEORGIA AVENUE 
SILVER SPRING, MARYLAND 


“eho 
Gites bitte a 
me 3 pee ohere Se ws 


—— mere “e td Ce parm ia 
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L APPLIED PHYSICS LABORATORY 





Hydraulic Servos, Auxiliary Power 


Missile Steering Systems, Electro- 
| Units, Tracking Radar Servos 


We are presently engaged in 
extensive research programs 
| on advanced guided missile 


systems. 





Write for our new brochure 


“A Decade of Research.” 


CORNELL 
AERONAUTICAL 


Labora lory Vac 





EMPLOYMENT OPPORTUNITIES 


Engineers and Scientists: 


RCA...in New England 


grows in 
Aviation Electronics 
RCA’s aviation systems 
laboratory at Wal- 
tham, in suburban 
Boston, broadens its re- 


search and development 
programs on electronic 


Control Systems 
fire control, automatu 
flight, servomechan- 
isms, system analysis & 
synthesis, instrumen- 
tation 


radar, antennas, in- 
frared, optics 
Digital Computers 
systems «& logic, pulse 
circuits, transistor ci 
cultry, programming 
Mathematical Analysis 
network theory statis- 
tics 


newest supersonic air- 
craft and missiles 


If you are interested in 
any of these programs, 
send a summary of edu- 
cation and experience to 


WA. AVA Ej" 


Br. Robert C. Seamans, Ir., Manager 
Aviation Systems Laboratory 

Radio Corporation of America 

Dept. U-1E 

225 Crescent St., Waltham, Mass. |_ 


RADIO CORPORATION OF AMERICA 


DEFENSE ELECTRONIC PRODUCTS 


aw 


Mechanical Design 
heat transfer, 
& vibration 


rm 
| 
| 
| 
| 
control systems for : Target Sensing 
| 
| 
| 
| 
| 
| 
| 
| 





suas 














Opportunities in... 


INDUSTRIAL ELECTRONICS 


RESEARCH and DEVELOPMENT ENGINEERS 
PHYSICISTS + SALES ENGINEERS 
SYSTEM ENGINEERS 


Work in the following fields: 


ELECTRONIC WEIGHING * ELECTRONIC CONTROLS 
ELECTRICAL TRANSDUCERS * DATA HANDLING 
SERVO MECHANISMS 


Growth Opportunities Created By Company's 
Expanding Activities In Non-Military Industrial 
Electronics Contracts. 


Send resume to: 


MR. G. C. REISER 


TOLEDO SCALE CO. 


Telegraph Road ° Toledo, Ohio 








ARE YOU WN NEED 


OF ENGINEERS 


or of 
HIGHLY TRAINED TECHNICIANS 


for your Personnel Program? 


We offer a booklet especially 
prepared to help you solve this 
problem. It is called the “RESER- 
VOIR of ENGINEERS and TECH- 
NICAL MEN”. 


This booklet shows, through a 
listing of the major job titles 
held by readers of McGraw-Hill 
Publications, how these men are 
gathered in convenient, compact 
groups that you can economically 
reach with your advertising. Here 
are no huge, swollen circulations, 
with expensive price tags where 
maybe not one reader in a thous- 
and would have the necessary job 
qualifications. 


In a recent advertisement one of 
the leading aircraft manufac- 
turers restated a well known, but 
seldom practiced principle: 

A trained, experienced engineer in 
one specialty can be retrained in 
almost any other engineering spe- 
cialty with a minimum of time and 
effort expanded. 


It is one of the purposes of this 
booklet to show how you can best 
reach men specifically trained for 
your needs or technicians who can 
be easily and quickly retrained. 


For your free copy of this booklet 
write us on your letterhead. You 
are under no obligation whatso- 
ever. There is a limited supply 
so write us now. 


McGraw-Hill 


Publishing Co., Inc. 


Classified 
Advertising 

Division 

330 West 42nd St., 
New York 36, N. Y. 
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EMPLOYMENT OPPORTUNITIES 





ENGINEERS UNLIMITED... 


Abvertisine MAN 
WANTED FOR 
TECHNICAL Propucts 


Previous advertising experience not 
necessary but helpful. Must have 
at least two or three years of college 
with courses in engineering and 
technical subjects and like to write. 
If you have the qualification we 
have an opportunity open for you. 
Man selected will be trained in all 
phases of industrial advertising. In 
your letter of application state age, 
education, positions held, and give 
statement of why you want a career 


in advertising. Location: well-known This might well be 


Connecticut company. 


the most important letter ul. ever write 


.-» because it could open the door to a 





lifetime job in a wonderful company 





DCCC UCU CCUG CC If you're an Electrical Engineer, with a 


project engineer high degree of skill and imagination in | Audio Amplifiers 


: any of the twenty-odd fields listed right, Auto Radio 
electronics we believe we can offer you the most Automation Research 


promising opportunity in America. Carrier, Wire-Line 
TODAUUEADOOUEUADAEUOAADADOEU AA OU AOA OOA EU AAA AAU 


Since 1940, Stromberg-Carlson’s vol- Countermeasures 
ume has increased sixteen times. In 1955, Data Process: ing 
we became a division of the headline- Digital Techniques 


making General Dynamics Corporation, Electro-mechanical Design 


Our future is as unlimited as humans can ectre Carillons 
OOO Electronic Carillo 


Rist bs andiene te promise themselves—and you could well Electronic Switching 


P.1317, Control Engineering grow with us. 


330 W. 42 St., New York 36, N. Y We are not looking for job-hoppers 
SUCCES CELLO but for men now stymied either by the 


Infrared 


< 








Intercom >ysten S 
Laboratory and Test 
Engineering 


Loudspeaker 


limitations of a litthe company or the 





complexity of a giant. In any of the job 





classifications listed here, you'll find sat- Magnetic Tape Recorders 


YOUR ORGANIZATION isfaction and opportunity. Microwave, communication 


And you'll like Ros hester well known Navigational systen Ss 


for its grand schools, handsome residen- | Radar 
Are you expanding it? tial sections and wide entertainment, va- 


Is it complete? 


Telephone Switching Technique 
Making Replacements? cation and cultural facilities. This firm’s Transistor Engineering 
employee relations (including a liberal Voice communication 
Writers—Bid Proposal 
You want men with the special training preferred industries, Writers 
that will make them an asset to your 
organization. You can contact such 
men through an advertisement in the 
Employment Opportunities Section of Send your letter to Mr. Howard L. Foote 
CONTROL ENGINEERING. 


Naturally, you are anxious to secure 


bonus plan) make it one of the state's 
the most suitable man or men available. i 


Technical 











Write today—for an assured tomorrow! 


Classified Advertising Division 


CONTROL ENGINEERING STROMBERG-CARLSON COMPANY SC 


A OIVISItON OF GENERAL OYNAMICS CORPORATION a 


ade 3 


330 W. 42nd St., New York 36, MN. Y. 








109 CARLSON ROAD, ROCHESTER 3, N. Y. 
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EMPLOYMENT OPPORTUNITIES 





HYDRAULICS ENGINEERS i 
With experience in: * ATS easly To 


elaine ||| EMPLOYERS 


Control Systems 


* Design of Hydraulic who advertise 


Components for aircraft si 
* Close tolerance Wes! ° 
machine design Catala Mibeaeiears, sserse for MEN: 


Airborne weapons systems When there are many appli- 
have been added to the list of . cants for a single position it fre- 
applications for Raytheon’s “ Pref resume form quently happens that the only 
hydraulic control systems. The %"¢ % ©oPy of this bro- letters acknowledged are those 
recent expansion of our engi- ‘We describing our of the most promising candi- 
neering facilities makes it new laboratory may be dates. Others may not receive 
possible to offer unusual oppor- obtained by writing to any indication that their letters 
tunities to experienced creative Mr. Robert E. Doherty. have even been received by a 
engineers. prospective employer much 
Beginning salary range—$6000 less given consideration. These 
to $10,000 men often become discour- 
aged, will not respond to fu- 


RAYTHEON MANUFACTURING COMPANY = & 00 abeestinnments end come 


@ Full tuition paid for accepted educational © Progressive salary review system. character. 
peepee. 
7 


, @ Liberal employee benefit program. 
ocation convenient for country or city living. 








Every advertisement printed 
in the Employment Opportun- 
ities Section is duly authorized. 








ial WN i eet | 


Siatinesah: ex athedeosteaty? ] It will help to keep our read- 

eT as ers interested in this advertis- 

ing if you will acknowledge 

every application received, 

there's no IF in YOUR professional future even if you merely return the 

IF you join an engineering team where letters of unsuccessful appli- 

THERE IS “GROUND FLOOR’ OPPORTUNITY TO PROGRESS cants with, “Position filled, 

WITH A RAPIDLY-GROWING COMPANY thank you” written or stamped 

© the educational level is unusually high, and you are associated on them. If you don’t care to 

with outstanding men who belp you grow reveal your identity, mail them 
in plain envelopes. 











© all work 1s challenging and stimulating 


YOU'LL © develop your full professional potential 
* advance in position, prestige and income ioe! a. 
* find your scientific assignments rewarding and satisfying. We suggest this in a spirit 
of cooperation between em- 
Litton Industries of Beverly Hills, California, has openings on such an : 
engineering team for seasoned engineers of proven creative ability. These ployers and the men replying 
positions offer exceptional engineering opportunities in military, to positions Vacant advertise- 
industrial and commercial electronics 
ments. 


RADAR AND ADVANCED COUNTERMEASURES * MICROWAVE ENGINEERING * 
SYSTEMS ENGINEERING * VERY WIDE BAND AMPLIFIER TECHNIQUES © INERTIAL GUIDANCE a . 
DIGITAL COMPUTERS AND CONTROLS + PRECISION COMPONENTS Put yourself in the 


SERVOMECHANISMS * ADVANCED CIRCUITRY other fellow’s place” 











Men who have demonstrated the capacity for genuine 
creative work, are invited to write in confidence to the Personnel * 
Manager, Electronic Equipment Division. 


it a ste N McGraw-Hill Publishing Co., Inc. 


336 NORTH FOOTHILL ROAD + BEVERLY HILLS, CALIFORNIA 
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® Research 
® Testing 
® Design 
® Patents 











Instrumentation 
Control Systems 
Economic Studies 
Management 








GEORGE P. ADAIR ENGINEERING CO. 
Consulting Engineers 


Electronic Controls Electronic Processing 
Telemetering Communications Microwave 
n Design Development esearch 
Application 
N. Ww Washington 6, D.C 
-Xecutive 3-1230 








APPLIED TECHNOLOGY 
Consultant and Development Engineers 
INDUSTRIAL ELECTRONICS CONTROLS 
Photo-cell control systems, test equipment, custom 
electronic and magnetic amplifiers and power gup- 
plies, analog and digital cireuitry and applications 


Box 12 Baldwin, New York 








HANSON-GORRILL-BRIAN INC. 


Specialized Control Systems 
ELECTRICAL - ELECTRONI( 
HYDRAULIC - MECHANICAL 


Gien Cove 


00 








SVERDRUP & PARCEL, INC. 
Engineers—Architects 
I e Con 1 Enginee se 
steel 
~her process 


M 











CONSULTANTS 


When you are represented in 
the PROFESSIONAL SERVICES 
SECTION of CONTROL ENGI- 
NEERING, you are contacting 
the executives who are respon- 


sible for calling in the experts. 


For further information on how 
to reach these executives, write: 


Professional Services Section 
Control Engineering 


330 W. 42nd Street, 
New York 36, N. Y. 








EMPLOYMENT OPPORTUNITIES 


DEVELOPMENT 
ENGINEERS 


Honeywell's Acronautical Division is one of seve Honeywell 
Divisions specializing in automat control ALA the main 
specialties are guidance and automatic flight cont f missiles 
and aircraft, airborne instrumentation, airborne seryvomech 


anism component ind jet engine control 


7 Top cle velopment positions are open tor ac 
chanical and electrical engineers, This mean 
and development responsibility for compone 
in the field of autopilots, fuel me irement 
guidance tem vertical and rate gyro 


form ind many others 


fe As a design engineer you will provide tes 
draftsmen, technicians, model makers and « 
essential to the project. An enginecring deg 
plus practical experience with relat 


required 


CONSIDER 
THESE ADVANTAGES 


@ Minneapolis, the city of lake i 


politan living in a suburban atmos 


@® Your travel and family moving exp 


@ Salar insurance-pension prog 


facilities are all first-rate 


® Honeywell, leader in control 
10.000 different product otter 
variety. A sound growth company 


offers permanent opportunity to 


SS 
WRITE TO US 


If you are interested in a career at Hon 
send your resume to Bruce Wood, Dept. Cl 
tical Division, 2600 Ridgway Road, Minn 


Honeywell 
Fouts in Contos 





EMPLOYMENT OPPORTUNITIES 





LIQUID ROCKET ENGINE DIVISION 


AEROJET-GENERAL CORPORATION 


has OPPORTUNITY for 


SENIOR ENGINEER 
as HEAD of 


ANALYSIS SECTION 
CONTROLS DEPARTMENT 


This man will exercise primary responsibility for all controls system analysis within 
the Division. He wiil be given freedom to build up his own staff. Top level experience 
in turbojet, turbopump, ramjet or rocket engine controls is required. D.Sc preterred, 
major in servo theory 


map GiUfel (gener CORPORATION 


A Subsidiary of AZUSA, CALIFORNIA 


The General Tire & Rubber Company SACRAMENTO, CALIFORNIA 





MORE POWER FOR AIR POWER 





tc 


4 few 


CONTROLS ENGINEER 


@ Analysis and development of controls systems 
and components 


@ Control testing of systems and components 


P 1424 CONTROL ENGINEERING 
330 W. 42 St., New York 36, N. Y. 


ANUAVAAALAAAPOUOADAUONOOUEOOUSUEOEUONOADNUALAO EVEN OOS OUEUAUAOENDOOYENADAUEN EOL AEVALSUEAOO TOU EUESEOCHAGES OO EA UAE AEA 





Heenan 


MM 








$ SALES REPS. WANTED 


For Complete Line of Telemetering, 
Control and Telegraph Terminals 
We seek a few experienced sales engineer 
ing reps. to serve customers & call on pros 
pects in Northwest, Southwest & South 
RADIO FREQUENCY LABORATORIES, Inc. 
BOONTON, NEW JERSEY 


Your inquiry 
will have 
Special value .. . 





If you mention this magazine, when 
writin advertisers. aturally the 
publisher will appreciate it. . . but, 
more important, it will identify you 
as one of the men the advertiser 
wants to reach with this message 

. and help to make possible en 
larged future service to you as a 
reader. 





NEED ENGINEERS? 


An omployment advertisement in thie EMPLOY. 
MENT OPPORTUNITIES section will help you find 
the engineers you need t's an inexpensive, time 
saving method of selecting competent personnel fer 
every engineering job in the ecentrot copncerins 
field. The selective ciroulation of CONTROL ENGI. 
NEERING offers you an opportunity te choose the 
best qualified mon availabie. 

















EMPLOYMENT 
PROBLEM? 


When you are in need of 
specialized men for spe- 
cialized jobs, contact 
them through a classified 
ad in a McGraw-Hill 
Publication. 


Management, Engineering, Produc- 
tion, Maintenance, Selling . . . these 
represent broadly the principal functions 
in business and industry. And it is princi- 
pally to the men and executives who fill 
keys jobs in these important divisions that 
McGraw-Hill publications are directed. 


McGraw-Hill Domestic 
Publications 


AMERICAN MACHINIST 
AVIATION WEEK 

BUS TRANSPORTATION 
BUSINESS WEEK 
CHEMICAL ENGINEERING 
CHEMICAL WEEK 

COAL AGE 

CONTROL ENGINEERING 


CONSTRUCTION METHODS AND 
EQUIPMENT 


ELECTRICAL CONSTRUCTION AND 
MAINTENANCE 


ELECTRICAL MERCHANDISING 
ELECTRICAL WHOLESALING 
ELECTRICAL WORLD 
ELECTRONICS 


ENGINEERING AND MINING 
JOURNAL 


ENGINEERING NEWS-RECORD 


FACTORY MANAGEMENT AND 
MAINTENANCE 


FLEET OWNER 

FOOD ENGINEERING 
NATIONAL PETROLEUM NEWS 
NUCLEONICS 

PETROLEUM PROCESSING 
POWER 

PRODUCT ENGINEERING 
TEXTILE WORLD 


THE MEN YOU NEED ARE 
THE MEN WHO READ THE 


McGRAW-HILL PUBLICATIONS 


330 West 42nd St., 
New York 36, N. Y. 
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EMPLOYMENT OPPORTUNITIES 





CONTROL TRANSMITTER 


(CLASSIFIED ADVERTISING) 
SALES @ BUSINESS 


EQUIPMENT (Used or Resole “= ” New Opportunities 
“OPPORTUNITIES” for 
UNDISPLAYED RATE 
(Not available for equipment advertising) l serene ENGIN Ei ws 
$1.80 per line, minimum 3 lines. To figure if | Power 
advance payment count 5 average words to . - 
a line 

















DISPLAYED RATE a x 
The odvertising rate is $17.80 per inch for all a : 


advertising appearing on other than contract A t _ | Ss oO N 
basis. Contract rates quoted on request 
Here are some of the advantages of 


General Motors fered by Allison: stability of a growing 
organization security ad- 
; . 

MINIATURE AIRCRAFT * 2 Corporation vanced educational facilities opportun 
TELEPHONE TYPE * HERMETICALLY ity for rapid advancement excel 
SEALED * SENSITROLS * STEPPING is spending lent working conditions with the most 
SWITCHES * GUARDIAN * KURMAN * modern facilities in industry and 
ALLIED * SIGMA * LEACH and many others association with top level technical 


men in the industry. If you've had ex 

— STOCK OF RELAYS IN THE WORLD $75 000 000 perience or training, in any of the 

PRODUCTION QUANTITIES IN STOCK J i following fields, we'd like to talk to 

Send for our latest bulletin C you about your future at Allison in 

324 CANAL ST. MYC. 13. NY. Walker 5-9642 aircraft engines and Aeroproducts 
niversd general corp. propellers 


on a long range 
MAY WE HAVE YOUR ATTENTION? expansion program in 


ENGINEERING RESEARCH 
and 
DEVELOPMENT FACILITIES 




















The “CONTROL TRANSMIT- 
TER” serves as an active mar- 
ket place for buying and sell- STRESS ANALYSIS — DESIGN OF HIGH 
SPEED ROTATING MACHINERY 
THEORY and DESIGN SERVO-MECHAN 
ISMS PROPELLER, ENGINE ond AIR 
CRAFT PERFORMANCE ANALYSIS 
EXPERIMENTAL TEST of PROPELLERS 
GAS TURBINE ENGINES and COM 
PONENTS — DESIGN of AXIAL FLOW 
COMPRESSORS and TURBINES DE 
SIGN of BLADING for AXIAL FLOW 
COMPRESSORS and TURBINES 
AERODYNAMICS and PROCESS ENGI 
NEERING—TOOL DESIGN 


ing used and surplus elements 
and components of control sys- 
tems. It will be consulted requ- 
larly by prospective buyers of 
such equipment offered by in- 
dividual plants or dealers. 


If you have used or surplus ele- 


ments and components of con- Al 
so immer fe Openings for 


tro! systems lying around idle 
PHYSICISTS, NUCLEAR PHYSICISTS and 
ENGINEERS with ELECTRONICS EXPE 
RIENCE 


in your plant, you can help 
other readers of the ‘‘CON- 
TROL TRANSMITTER” who 


need such equipment by bring- Write direct to Salaried Personnel, Dept. CE, tell 


. , = P ing us about yourself your qualifications 
ing it to their attention. 


sur academi und work experience bock 


You may find bargains in hard- ‘ 
to-get components through the 4 


LLISON Division General Motors Corporation 


indianapolis 6, Indiana 


dealers advertising in this sec- 
tion. Make the reading of 
“CONTROL TRANSMITTER” 
a monthly habit. 


Design, development and production — high power TURBINE ENGINES for modern 
aircraft Aeroproducts PROPELLERS, ACTUATORS and DIESEL ENGINE 
STARTERS Heavy duty TRANSMISSIONS for Ordnance and Commercial 
vehicles DIESEL LOCOMOTIVE PARTS PRECISION BEARINGS for 


aircraft, Diesel locomotives and special application 


ooo 





VHS* RELAY 


(*Very High Sensitivity) 


Model 266 


Sample specs. ore 
0.2 micro- 
amperes, (12,000 & 
ohms coil) of, 0.1 


millivolts, (5 ohms.) * 


@ The VHS is o balanced 
armature, Alnico magnet type 
relay. It is internally shock- 
mounted and resistant to 
vibration. The screw-on cover 
is gasket sealed. It can be opened and resealed. 


r 
ij 


Connections: 9 pin octal style. Dimensions: 1% 
diameter x 2'4 long. Weight: 4 ounces. Sensitivity: 
Infinite variations from 0.2 Ua. to 10 Amp. or 
0.1 My. to 500 volts, self contained. Higher volts 
or amps with external multipliers. A.C. rectifier 
types. Trip point accuracies to 1%. Differential 
1%. The degree of resistance to shock and vibra 
tion primarily depends upon sensitivity and type 
of action wanted. In general, the relays will not 
be permanently dam 

aged by shocks of 

100 G's and vibra- 

tions up to 2,000 cps 

at 4 G's. The most sen- 

sitive relays may close 

their contacts under 

these conditions. 

Contacts: SPST or 

SPOT, 5-25 Ma, 0.C 

Other ratings to V2 

Amp. A.C. A locking 

coll gives high pres ; 

sure and chatter free | * 

contact under shock 

and vibration. 

Prices: $20 - $80. 

Delivery 4 to 6 weeks 

Assembly Products, inc., 

Chesterland 22, Ohie Write ¢ 

(West Coast: Desert Hot Springs 22, California. Phone 4-2468) 
Beoth 507, Design Engineering Show, Philadelphia, May 14-17 


7—FAMILAR FACES 


TORK TIME SWITCHES EMBRACE 
ANY REPEATING TIME RANGE 
FROM SPLIT MINUTES TO WEEKS 


@ ‘On’ and ‘off’ any time you desire 
Follow sun-time all year around 
Skip minutes, hours, days or weeks 
Constant, time delay or momentary 
7 varieties of dials, uses galore. 
Indoor, outdoor ot explosion proof 
24-120-230 or 440 volts A.C. only 


Tork Does All These Things, Avotmatically 


34 YEARS OF AUTOMATIC TIMING 


Synchronous Power from 
40° to +140" F. 


Tork Literature is Free. Ask For It. 
Bring Your Problem to Us in Detail 


Use The Best——Be Sure—Write Today 





The TORK CLOCK CO., Inc. 


Mount: Vernon, New York 
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ADVERTISING IN THIS ISSUE 


R. M. H. BERG 
W. C. CARMICHAEL 


Advertising Sales Staff 
ATLANTA 3: 


Advertising Sales Manager 
Production Manager 


William D. Lanier, 1321 Rhodes-Haverty Bldg., WAlinut 5778 


BOSTON 16: 


George S. Baird Jr., 350 Park Square Bidg., HUbbard 2-7160 


CHICAGO 11: 


John G. Zisch, 520 N. Michigan Ave., MOhawk 4-5800 


CLEVELAND 15: 


John C. Mitchell, 1510 Hanna Bidg., SUperior 1-7000 


DALLAS 2: 


Gordon L. Jones, Douglas Billian, 1020 Adolphus Tower Bidg., PRospect 5064 


LOS ANGELES 17: 


Gene A. Fruhling, 1125 W. Sixth St., MAdison 6-9351 


NEW YORK 36: 


Robert W. Obenour, 330 West 42nd St., LOngacre 4-3000 


PHILADELPHIA 3: 


W. F. Buehl, Architect’s Bldg., 17 & Sansom Sts., Rittenhouse 6-0670 


SAN FRANCISCO 4: 


T. H. Carmody, R. C. Alcorn, 68 Post St., DOouglas 2-4600 


A 


AC Electronics Div. General Mo- 
tors Corp. 

AGA Div. Elastic Stop Nut 
Corp. of America 

Aircraft-Marine Products, Inc. 

Amphenol Electronics Corp, 

American Time Products, Inc. 

Askania Regulator Co. 

Assembly Products, Inc. 

Automatic Switch Co, 


B/W Controller Corp 

Bailey Meter Co. 

Baldwin-Lima-Hamilton 

Barber-Colman Company 

Barksdale Valves 

Borg Corp., The George W. 

Bourns Laboratories 

Brush Electronics Company 

Byron Jackson Div. of Borg-War- 
ner Corp. 


c 


Cash Company, A. W. 

CBS-Hytron Div. Columbia 
Broadcasting System, Inc. 

Comar Electric Company 

Computer-Measurements Corp. 

Conoflow Corporation 

Conrad, Inc. 

Consolidated Electrodynamics 
Corp. Bitews 25, 118, 

Control Products, Inc. 

Crucible Steel Co. of America 

Cunningham Son & Co., Inc., 
eres 

Curtiss-Wright Corp. 


Detroit Coil Co. 

Dixon Corporation 

Doelcam Div. Minneapolis 
Honeywell i 

Donner Scientific Co. 

DuMont Laboratories, Inc., 
Allen B. 


Dyna-Empire, Inc. 


Eagle Signal Corp. 

Eastern Air Devices, Inc. 

Ebert Electronics Corp 

Edison, Inc., Thomas A. 

Electric Auto-Lite Co., The 

ElectroData Corp. 

Electro Instruments, Inc. 

Electronic Associates, Inc. 

Electronic Engineering Co. of 
California 

Electro-Snap Switch & Mfg. Co. 

Electro Switch Corp. 


F 


Farnsworth Electronics Co 126 
Kenwal Incorporated 117 
Fischer & Porter Co.. .Fourth Cover 
Ford Instrument Co., Div. of 

Sperry Rand Corp. 
Foxboro Co., The 


G 


G-M Laboratories, Inc. 

General Electric Co., 
Apparatus Sales Div. 

General Precision Equipment 


Corp. . 





, OPPORTUNITY IN SOUTHERN CALIFORNIA 
Globe Industries, Inc. 


Goodyear Aircraft Corp. 
Guardian Electric 





H excellent salaries for 


7 


Hansen Mfg. Co., Inc. 
Hasler-Tel Company 
Haydon Co., The A. W. 
Hays Mfg. Co. 
Hewlett-Packard Co. 


DIGITAL 
COMPUTER 


Indiana Steel Products Co., The 

Instrof Corp. Div., J. Cope, 
Inc. 

International Business Machines 


ENGINEERS 


who can fill key creative posts 
J 
Jet Propulsion Lab, Div. of Cali- 
fornia Institute of ‘Technology 46 


in long-range, non-military 


K research and design 
Kay Lab 

Kearfott Co., Inc. 3 

Kepco Laboratories * 
Knights Co., James, The anes — 


FOR ADVANCED 

L BUSINESS To specialize in research and design 
for advanced business computer sys 

Lapp Insulator Co., Inc. COMPUTER SYSTEMS tems. Must have exceptional creative 

Leeds & Northrup Co. 5 ability, plus knowledge of vacuum 

Ponsh Bik Ben Lal tube circuit design, transistor 

A pe . i] rr que ney ADOTA- circuitry 

tories Inc. 40) 


Librascope, Inc. 





Second Cover 


Liquidometer Corp., The 26 * 


M 


Manning, Maxwell & Moore, 
Inc. 50, 
Melpar, Inc. 


SENIOR DIGITAL COMPUTER 
ENGINEERS 


For projects in advanced computer 
design, development and application 
Must have thorough knowledge of 


digital computer logic and circuitry, 


input-output devices, programming 


*K 


TRANSISTOR CiR¢ 
ENGINEERS 


For advanced research and design in 
computer transistor circuitry 
Capabilities should include ability 
to direct others in new project work 


Micro Switch Div., Minneapolis- 
Honeywell Regulator Co. 

Moore & Co. Samuel, Dekoron 
Products Div. 

Moseley Co., F. L. 





OPPORTUNITY FOR ELECTRONIC OR ELECTRICAL ENGINEERS 
Background in one or more of the fields below equips you for excellent 
career positions with NCR Electronics Division 

N LOGICAL DESIGN ¢ FERROELECTRICS © MAGNET co 


. . . . ’ SYSTEMS © TRANSISTOR CIRCUITS ¢ INFPUT.O Te 
National ¢ cash Register Co., he vd APPLICATIONS OF PHYSICS ¢ COMPUTER SYSTEMS SF 
Norden-Ketay Corporation. . 152, DEF. OF SYSTEM REQUIREMENTS 
North American Aviation, Inc. 

Autonetics Div. 149, 
Rocketdyne Div. 


North Electric Co. 


GROUND FLOOR" OPPORTUNITY WITH UNUSUAL STABILITY 


Openings listed here are for the basic organization of the 
NCR Electronics Division. If you qualify for one of them, you'll be a 
key member of this fast-developing division of one of America's 
top companies, You'll enjoy the freedom of a small, select research 
group — operated by engineers for engineers — as well as the exceptional 
financial stability of a large, long-established firm, A full program 
of employee benefits, too. New, modern, air-conditioned plant with 
every modern research and development facility in a conveniently 
situated Los Angeles suburb 

* For further information, write Director of Personnel 


Palmer ‘Thermometers, Inc. 
Panellit, Inc. 
Penberthy Injector Co. 
Philco Corporation, 
Tube Co. Div. 

Phillips Control Corp. 
Post Machinery Co. 
Potter & Brumfield. 
Potter Instrument Co., 
Pratt & Whitney Co., 


Lansdak 





TRADE MARE PEG. UV. &. PAT. OFF 


R 
THE NATIONAL CASGH REGISTER COMPANY 


1401 East El Segundo Blvd, Hau thorne, ¢ alif 


Radiation, Inc. 
Radio Corporation of America 


MAY 1956 189 





= Radio Frequency Labs., Inc. 
still Going... Th i Rahm Instruments, Inc.. . 
oUgy Ramo-W ooldridge Corp., The 
, Reeves Instrument Corp. 106 
f al Reflectone Corp., The 15] 
“a Remington Rand Univac Div. of 


Sperry Rand Corporation. . 86 
Ruge Associates, Inc., Arthur C. 144 


s 


Saginaw Steering Gear Div. Gen- 
eral Motors Corp. 
Sanborn Co. 
Tee Servo Corp. of America 


_— A. w. HAYDON Servospeed Div. of Electro De- 
D.C. 


vices, Inc. ad 150 
AN TYPE aa es 2 ey Sigma Instruments, Inc 42 


MOUNTING STOP CLOCKS Sola Electric Co. 35 


Sorensen & Co. 123 
withstand rugged conditions, voltage and temperature variations, with unfailing . ‘ 
performance. Used where time intervals must be accurately measured and Statham Laboratories 4 


stectrical reset Is desired Stevens-Amold, Inc. 164 

SPECIFICATIONS: Voltage Monge eter and Clutch Coil: 20-30 Volts D.C Str: Div. Fairchild F : 

° Temperature Range—From — to 06°C. © Maximum Current Require- tratos Div. Fairchik ngine & 

ment—475 Milliamps at —55°C. and 30 Volts D0.C. * Accuracy t 0.10% of Airplane Corp. 

reading + 20ms @ 20°C. + 6.20% of reading * 20ms from —56°C. to 86°C. . 

* Reset Time—2 seconds maximum * Dielectric Test—i40 Volts RMS-60 CPS or Stromberg-Carlson 
GENERAL 200 Voits D.C. for | minute 


CATALOG Meet military specifications. Hermeticaily sealed enclosure and connector. 
SENT ON AN connector or giass metal header optional. Choice of fiange mountings. T 
REQUEST Electrical reset permits local or remote control 


ae WHERE wr ata IS PARAMOUNT Taller & Cooper, Inc. 
Taylor Instrument Companies 

- Technical Charts Inc. 
“A. We MAYDON Company Technology Instrument Corp. 
Third Cover 
246 NORTH ELM STREET, WATERBURY 20, CONNECTICUT Phesme Blectsic Co.. Int 148 
Design and Manufacture of Electro-Mechanical Timing Devices Tomkins-Johnson Co., The 134 
lork Clock Co., Inc., The 188 


U 


U.S. Gauge Div. of American 
Machine & Metals, Inc 18 


Vv 


Vapor Recovery Systems Co., The 156 

Vickers Electric Div. of Sperry 
Rand Corporation 29 

Victor Equipment Co 168 


EMPERATURE f 
ji RECORDING —- Waterman Products Co., Inx 34 


Newly designed, Model ’’1000" ei ’ Mo aters Mfg., Inc. * 
Auto-Lite Recorder gives per - : V eatherhead Co., The 39 
manent proof of temperature “i ; ; Weber Electronics 173 
behavior, @ 6” clear reading Say Westinghouse Electric Corp..58, 59 
chart; various standard ranges : XS) } 

from minus 40°F.to plus 550 °F ' j eS 

© 3 standard types; choice of : he} eee e 

24-hr. or 7-day cycle. @ Elec- ; od 

tric or mechanical chart drive ky fs YZ PROFESSIONAL SERVIC] 

@ With capillary tubing for 

remote reading. Priced from 

$49.50 ” 

Send for new catalog describ- 

ing many styles of Auto-Lite Model “1000” CLASSIFIED ADVERTIS 
temperature Recorders and In er = =>- SECTION 


dicators. 





THE ELECTRIC AUTO-LITE COMPANY F. J. Eberle, Business Mgr 


INSTRUMENT AND GAUGE DIVISION « MPLOYMENT OPPORTUNITIES 
TOLEDO 1, OHIO 177-1 
NEW YORK * CHICAGO © SARNIA, ONTARIO 


a CONTROL TRANSMITTER 
TEMPERATURE RECORDERS quipment 


Used or Surplus New 
For Sal 
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ALLURALY! ACCURACY! ACCURACY! ACCURACY 


CCURACY! ACCURACY! ACCURACY! ACCURACY! ACCURACY 
ACCURACY! ACCURACY! ACCURACY! ACCURACY! 


CCURACY! ACC m99') 70S Bee aa! ee «CURACY 


aa : Y! ACCURACY @\' 
mt) RACY 


CCURAC ACY! ACC 
. a 


apace OF 



















THE WORLD'S FINEST’ 
POTENTIOMETERS 


PIONEER OF 
‘PRECISION WIRE-WOL 
POTENTIOMETERS 
* 


FOREMOST IN THE 
DEVELOPMENT OF 
NEW SeTreNs 


unacst! ACCURA C'S ; 
‘ wanna fo recur 


1 ACCURACY! ee 


TL. NEW MIOT 


Over two years ago TIC’s design engineers under equivalent noise resistance and high leakag 
took a supposedly impossible project design of resistance are other MIOT features in-built for 
an ultra-precision potentiometer adaptable to mass maximum electrical performance 

production, Old techniques and designs were dis 
carded . . . new methods and concepts were pi 
oneered advanced production methods were 
developed. And the result, the all-new 10-turn 
M10T with unmatched electrical accuracy and 
mechanical precision 












Extremely precise mechanical tolerances shaft 
diameter, concentricity, and perpendicularity as 
sure complete transfer of MIOT accuracy to ex 
ternal system. Universal mounting surface offers 
choice of servo or precision pilot and tapped-hole 
mounting. Spring loaded, stainless steel ball bear 
ings eliminate radial and end play of the shaft 


Custom design for precision computer, servo 
reduce running torque to 1.0 0z.-1n 


mechanisms and electro-mechanical instrumenta- 
tion service, the wound coil, multiturn M10T 
srovides the extreme electrical accuracy and sta 
bility required by these systems. Winding tech- 
niques, specially developed for the M10T, make 
possible linearities of 0.025% and lower Special 
resistance wire permits a+1% accuracy ol total 
resistance . . . high ——— stability with a 
0.002% per degree C temperature coefficient of 
resistance. Wide temperature range (—55°C to 
+85°C) .. . high dielectric strength . . . low 


New design concept places all functional parts of 
MI10T in a one-piece unit. Stainless steel cover 
bonded to the one piece base provide | complete 
environmental protection, External surfaces are all 
corrosion-resistant stainless steel or anodized 
aluminum. The M10T has been thoroughly tested 
to pertinent military specifications 


Complete specifications on the new TIC 
Type M10T are available upon request. 


TECHNOLOGY INSTRUMENT CORP. 


523 MAIN ST., ACTON, MASS. COlenial 3-7711 
West Coast Mail Address P.O. Box 3941 North Hollywood, Colif POpler 54-6620 





1575 
RANSMITTER 


First of the 1500 Series 


The 1575 is a torce-balance transmitter 

for converting from differential 

pressure to a 3-15 psig signal. Provides accurate 
instantaneous transmission 


ot fe ww rate. 





e Wide range 0-20 to 0-200 inches of water 


differential 
e Adjustable hydraulic damping. 
e All working parts sealed from process fluid. 
e External screw driver zero adjustment. 
e Temperature compensated to 300 F. 
e Steam traced flanges available. 


e Quickly removable without disturbing 


piping 


Write for complete information. Ask for catalog 50-30. 


Fp FISCHER & PORTER CO. 


756 COUNTY LINE ROAD. HATBORO, PA 





